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DIVISION NO. 1 - EXECUTIVE SUMMARY 
1.1 OBJECTIVE 
The following Comprehensive Campus Energy Plan is intended to provide the 
University of Massachusetts (UMass), Amherst Campus with a long range vision for 
efficient and reliable utility generation and delivery as well as effective energy 
conservation measures. While the plan is based upon a 50-year period, specific 
recommendations and upgrades are presented to address the short term needs 
associated with the 10-year capital plan.  
1.2 BACKGROUND 
The UMass campus is comprised of approximately 12.0 million gross square feet (gsf) 
of academic, residential, research, athletic and administrative facilities. The annual 
energy use for the campus totals 2,400,000 million British thermal units (MMBtu) per 
year with an annual cost of $30 million. The energy use consists primarily of fuel 
supplied to the Central Heating Plant (CHP) and electric power distributed to the 
campus buildings. Though a portion of the energy is released through inherent system 
losses in generation and distribution; the majority of energy supports the buildings’ 
heating, cooling and electric systems. Below is a summary of energy use and losses: 
 Building Energy Use (including boiler efficiency):  85% 
 Steam Distribution Heat Loss:      6% 
 In-plant Steam Use for Process Loads:     9% 
While the distribution and plant losses are within a typical range for the type and size of 
the centralized heating and electric systems; opportunities exist to improve system 
operation and potentially reduce building loads. The following analysis reviews the 
condition of the existing system, the operating efficiency and the capacity needed to 
reliably support future load growth.  
The 2012 Campus Master Plan identified short term and long term campus 
development that included new building projects as well as renovations to existing 
facilities. The 10-year capital plan outlines the specific campus needs for short term 
growth in preparation for funding. The two phases of development, the specific 10-year 
capital plan and long term vision, were the basis for identifying future campus energy 
needs. Individual utility loads were estimated for each new building and added to the 
current base load for comparison to the utility infrastructure capacity. Deficiencies were 
noted and options were developed to address capacity shortages as well as capital 
renewal of existing equipment.  
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1.3 STEAM SYSTEM ANALYSIS 
1.3.1 Existing Steam System 
The majority of the campus buildings are connected to the central steam system. Steam 
is generated in the CHP and distributed to campus buildings through approximately 13 
miles of underground distribution piping. The CHP was constructed in 2007 with a total 
steam capacity of 475,000 pph. For this study the reliability of centralized utility systems 
was measured by the “firm capacity,” which is the plant output without the availability of 
the single largest generation unit. If the firm capacity is greater than the peak load, then 
the system can meet the load requirements at any period during the year even with the 
loss a single piece of equipment. This level of reliability is consistent with centralized 
utility systems for the majority of large education and research campuses.  
The largest steam unit in the CHP has a capacity of 125,000 pph with a resulting plant 
firm capacity of 350,000 pph. The historical peak generation load of the plant is 300,000 
pph indicating that the plant has reliable capacity for the existing campus load and can 
support some future growth. 
The CHP includes a cogeneration system that generates 70% of the electric power to 
support the campus load. The system utilizes waste heat to generate steam to support 
45% of the campus steam load requirements. Because the cogeneration system is able 
to utilize the waste heat from the electric generation process, the system operates at an 
efficiency of approximately 75% which is twice as efficient as regional fossil fuel power 
plants. The electric power not provided by the cogeneration system is purchased 
through the local utility company, Western Massachusetts Electric Company. The steam 
load beyond the capacity of the cogeneration system is supported by supplemental 
boilers within the CHP. The following is a summary of the unitary costs for steam and 
electric supply: 
 Electric Power from Cogeneration: $0.045 per kWh 
 (3,413 Btu/kW / 75% x gas rate) 
 Purchased Electric:    $0.135 per kWh 
 Steam from supplemental boiler:  $12.29 per 1,000 pounds of steam 
 (based upon pipeline gas supply) 
The existing distribution system has been modeled with computer software and 
evaluated for capacity and heat loss efficiency. The existing capacity is adequate to 
support the current steam load. Based upon the capital renewal projects that UMass 
has recently implemented, the majority of the piping is assumed to be in good or fair 
condition. The estimated heat loss is slightly higher than the design conditions which is 
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consistent with a portion (15%) of the existing piping considered by the UMass to be in 
poor condition. 
The most significant issue with the existing steam and cogeneration system is the fuel 
supply. The primary and least expensive fuel source for the campus is natural gas 
delivered through the regional pipeline. However, due to pipeline capacity constraints, 
the campus has a daily consumption limit imposed. When the campus load exceeds the 
daily limit, the university supplements the fuel supply with on-site storage of liquid 
natural gas and no. 2 diesel oil. The fiscal year 2014 fuel costs are listed below for 
comparison: 
 Natural gas (pipeline)  $ 9.87 / MMBtu 
 Liquid natural gas (delivered) $23.56 / MMBtu 
 Fuel oil (delivered)   $23.43 / MMBtu 
As noted above the costs nearly triple as the supplemental fuel sources are used. For 
fiscal year 2014, 15% of the fuel burned at the CHP was either liquid natural gas or fuel 
oil at a cost premium of $4.7 million, compared to pipeline natural gas. While there are 
current efforts to expand the pipeline capacity in the New England region, this may not 
occur until 2019. This factor is a major component of the system analysis and a 
contingency plan was developed in the event that the pipeline capacity is not expanded.  
1.3.2 Future Steam System 
The campus steam load is anticipated to increase to 350,000 pph with the addition of 
the projects identified in the 10-year capital plan (2013 through 2022). While the existing 
system has adequate capacity to support this short term load; any additional load after 
2022 will be beyond the firm capacity of the system. New steam capacity would be 
needed for development beyond 2022. Considering the potential timeframe for design, 
permitting and construction, fiscal year 2015 is an appropriate window to begin planning 
for the next stage of generation. 
When expanding central generation systems, the optimum capacity increment is 
typically equal to the single largest unit. Boilers larger than the largest unit do not 
increase firm capacity, because the new unit becomes the single largest boiler. Units 
smaller than the largest boiler do not fully utilize the floor space required. The largest 
existing boiler in the CHP is 125,000 pph and therefore for this analysis a single unit 
addition of approximately 125,000 pph was established as the baseline approach. 
Several options were established based upon the following three general concepts: 
 Packaged Steam Boiler (natural gas and fuel oil) 
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 Expand Cogeneration System (natural gas and fuel oil) 
 Biomass Boiler System 
The results of a detailed energy cost model and life cycle cost analysis indicate that 
expanding the existing cogeneration system with a second combustion turbine, installed 
within the existing CHP facility, provides the greatest economic advantage. The 
following is a summary of the most cost effective configuration for each concept: 
Table No. 1-1: Heating System Generation Options 
Option 
Capital 
Cost 
($million) 
Without Natural Gas Limits 
(all number in millions) 
With Current 
Natural Gas Limits 
Carbon 
Savings 
(TPY) 
Annual 
Savings 
($/yr) 
25-year 
Life Cycle 
Cost 
($) 
Simple 
Payback 
(years) 
25-year 
Life Cycle 
Cost 
($) 
Simple 
Payback 
(years) 
Packaged Boiler 10.8 --- 554 -- 613 --- --- 
Combustion Turbine 
(8 MW) 34.8 3.3 531 7.2 594 7.9 3,500 
Biomass Boiler 
(60,000 pph 600 
psig) 
33.4 0.3 571 89.4 585 6.5 39,200 
The combustion turbine has the lowest life cycle cost without the natural gas limits. The 
life cycle costs with the current natural gas limits in-place are very similar for the 
biomass boiler and combustion turbine options. Since the biomass boiler is intended to 
offset the operation of the duct burner and boiler units; adding the biomass boiler 
system after the installation of the combustion turbine will result in similar annual 
savings and simple payback period as listed above. In addition significant potential 
carbon savings can be achieved with the biomass boiler options, if the burning of wood 
products continues to be considered carbon neutral. 
Therefore in the event the natural gas limits do not change by 2019, the UMass should 
consider adding a separate biomass boiler system to provide a more cost effective 
secondary fuel source. The options should be re-evaluated because of the potential 
risks associated with regional biomass costs, if the pipeline expansion does not occur. 
In addition to ensure adequate secondary fuel supply additional LNG storage tanks 
should be added. A current design for a permanent LNG storage facility includes two 
18,000 gallon tanks with space allocated for four more tanks in the future. 
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The future building loads were added to the steam distribution model to simulate various 
operating scenarios. The existing piping capacity can support the future site 
development for at least the next 10 years, though radial lines extended from the steam 
distribution to new building sites will be required and some strategic lines to improve 
reliability to small clusters of buildings outside the main campus loop are recommended. 
1.4 CHILLED WATER ANALYSIS 
1.4.1 Existing Chilled Water System 
The existing air conditioning needs of the campus buildings are predominately served 
by district cooling systems with clusters of refrigeration units and distribution piping 
extended to the connected buildings. This approach is an efficient and effective 
configuration that utilizes the most efficient chiller technology, minimizes maintenance 
and reduces installed capacity as well as ensures reliability. The campus currently 
maintains six district cooling systems. 
As with all systems, capital renewal of equipment is ongoing. Currently 28% of the 
existing chiller units are over 20 years in age and should be planned for replacement 
within the next 10 years. In addition since a significant portion of the systems are over 
10 years in age they can benefit from current industry technologies to improve system 
efficiencies by 20% to 30%. The new control schemes are based upon matching pumps 
to demands with variable speed drives and maximizing chiller operating performance. 
As the UMass systems are expanded and equipment is renewed new control 
technologies to optimize chiller plants should be implemented as well. 
1.4.2 Future Chilled Water Analysis 
In addition to the new buildings added to campus, the renovation of existing, non-air 
conditioned facilities to include new air conditioning systems will increase the campus 
cooling demand as well. The existing campus load is anticipated to increase from 
13,900 tons to 22,300 tons (60%) by 2022 with the planned addition of the new facilities 
and renovation of existing buildings. 
The campus direction as outlined in multiple, recent chilled water studies is to 
incorporate existing buildings into district cooling loops as renovations occur. A 
qualitative and quantitative review of this approach has confirmed the general direction 
of maintaining and expanding existing district cooling systems as the most appropriate 
option for the university. Subsequently a chilled water plan has been developed for each 
district cooling system. The plans outline the necessary increases in chiller capacity as 
well as the piping corridors to connect new loads. 
To optimize operation of the cogeneration system several steam absorption chillers are 
located throughout campus. These units rely on a steam supply during summer months 
to generate chilled water. This steam supply maintains a consistent campus steam load 
1-6 
 
for stable operation of the cogeneration system. A constant summer steam demand of 
100,000 pph is recommended based upon the operators experience in maintaining 
stable system operation. When the steam load exceeds the capacity of the 
cogeneration steam supply, the operation of steam absorption cooling is significantly 
more expensive than electric driven chillers. To optimize the cogeneration system the 
university should maintain approximately 5,000 tons of single stage steam absorption 
chillers. However, these units should be located within district cooling plants, rather than 
individual buildings, to facilitate the dispatch of the chillers to best control the steam 
load. The cost to operate absorption cooling varies based upon many factors. If the 
units are located in district cooling facilities, the UMass will have a greater opportunity to 
manage the load based upon the varying factors. Absorption chillers should not be 
installed in individual buildings and select district cooling plants should each allocate 
space for a single absorption unit. 
Various types of thermal storage systems were evaluated for application on the 
campus. Since, thermal storage relies upon cooling generated during nighttime 
operation and stored for daytime discharge; the operating costs during the off-peak 
charging periods must be significantly less than peak discharging periods to be cost 
effective. Currently there is not economic justification for thermal storage. However, as 
each district cooling system is updated or expanded, thermal storage should be 
evaluated as utility rates and structures change in the future. 
1.5 ELECTRIC ANALYSIS 
Over 90% of the existing campus buildings are connected to a central electric 
distribution system owned by the UMass. This system is supplied electric power through 
two switch stations. The West Switch Station is located within the CHP and East Switch 
Station is located adjacent to the Field House. The firm capacity of each switch station 
was evaluated based upon the loss of an incoming utility feeder. Under a feeder outage 
scenario the existing system has adequate capacity to serve the existing peak electric 
load of approximately 26 megawatts (MW) with only 5% spare capacity. As future load 
is added in the short term the current system will not have adequate reliable capacity for 
the campus. 
To address this issue the university is currently in design of a new high voltage 
substation that will allow the two existing switch stations to transfer loads to one another 
and increase the feeder capacity. 
The campus electric distribution system from the switch stations to the buildings was 
evaluated based upon the feeder capacity to support existing and future building electric 
loads. The firm capacity of each feeder pair was compared to the load of the buildings 
connected. With the addition of the future loads through year 2022, two of the existing 
10 feeder systems will be loaded beyond their firm capacity and three will be beyond 
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80% of the firm capacity. Replacing the existing feeders with larger capacity lines is 
limited by the existing conduit sizes. The lowest cost alternative includes the addition of 
a third switch station and associated ductbank routing located in the north area of 
campus. 
1.6 BUILDING SYSTEMS 
As previously noted 85% of the campus energy use is directly attributed to building 
operations. Assuring building systems operate efficiently is a critical component to the 
future energy planning. Evaluating building energy use is significantly more complex 
than analyzing the centralized utility generation systems, because each building is 
relatively unique in operation and system components. To determine the operating 
efficiency of each building a baseline energy profile is needed. A significant number of 
buildings have meters for electric, steam and chilled water. The meter results provide an 
opportunity to review the building load profiles to note any major anomalies or potential 
energy improvement opportunities. To identify specific improvements building energy 
audits are typically conducted. For this energy planning study a general evaluation of 
the building energy use was performed to identify potential savings and prioritize 
buildings for further analysis. All building load profiles were reviewed based upon the 
following general categories: 
o Unitary base load comparison 
o Heating and electric loads during non-occupied periods 
o Winter cooling loads when water or air-side economizers could be used 
o System control issues (loads that do not follow a specific operating pattern 
may indicate that building controls are out of calibration) 
As a result of the comparison several buildings were noted that presented anomalies in 
regards to the above categories. Where these issues exist, an estimate for potential 
savings was developed. If all the areas noted are opportunities for energy 
improvements and conservation projects are implemented the resulting savings would 
be a load reduction of approximately 8%. This review is intended to provide potential 
opportunities to further evaluate and should not be considered inclusive of all energy 
conservation opportunities. The results should be included as a component to assist in 
the current comprehensive approach the university is following to address building 
energy use.  
1.7 ALTERNATIVE ENERGY PROJECTS 
The university is continuously considering alternative energy projects to support 
regional energy conservation and sustainable design principles. The following is a list of 
potential technologies 
• Solar (photovoltaic) 
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• Geothermal (ground-coupled heat pumps) 
• Wind turbine power generation 
• Emerging technologies (anaerobic digestion) 
To implement an alternative energy project there must be qualitative and quantitative 
advantages. The following is a summary of the potential energy savings associated with 
the examples of the above technologies. 
 
Table No. 1-2: Alternative Energy Projects 
Technology 
 
Size 
 
Energy 
Reduction 
(MMBtu/yr) 
Energy 
Reduction as a 
% of Total 
Campus Energy 
Solar 7.8 MW 29,200 1.2% 
Geothermal 500 tons 18,000 0.8% 
Wind 100 kW 84 <0.01% 
Anaerobic Digester 1,000 kW  27,000 1.1% 
 Notes: 1. Solar analysis based upon UMass Amherst Solar Energy Plan 
2. Anaerobic Digester based upon the Feasibility Study for Siting 
Anaerobic Digestion Facility at University of Massachusetts. 
The alternative energy projects listed are most applicable on a small scale building 
system basis to support the overall campus goals of reducing campus utility use and 
decreasing carbon emissions. The life cycle economics of the majority of the options do 
not result in significant, if any, cost advantage. However, other qualitative factors such 
as carbon reduction, renewable energy goals and support of sustainable initiatives 
could provide adequate justification for implementing various systems. For example, the 
anaerobic digester system is not recommended based on economics, but may proceed 
based upon complying with regulatory requirements. The wind turbine application is not 
recommended for the Amherst Campus. The solar and geothermal may have 
opportunities for application on the campus that could reduce energy use 1-2%. 
1.8 ENERGY MANAGEMENT 
The current hourly cost for campus energy use varies significantly depending upon the 
fuel used, load profile, operating equipment and utility rates. The cost for steam supply 
is based upon multiple tiers of operation and the chilled water generation costs vary 
based upon electric driven chillers, steam absorption units deployed with the benefit of 
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steam supply from the cogeneration system and steam absorption units operated from 
steam supplied by the boiler system. With the transition of absorption cooling from 
buildings to district cooling plants the UMass is positioning their energy system to be 
managed on an hourly basis with equipment deployment in response to fuel costs and 
load profiles. In order to position the university to best manage the system operation 
hourly load data must be available. A significant portion of the campus includes energy 
meters; however, there are strategic locations within the CHP and at each district 
cooling plant where additional metering will assist the university in optimizing the system 
operation. Some of the added benefits of an enhanced campus energy management 
center are listed below: 
• Managing hourly fuel and electric use can provide the opportunity for purchase 
power at intervals that are more market based, because the university will have 
to opportunity to shift energy use as rates change. 
• Provide more accurate savings estimates for campus projects. As an example 
projects that reduce steam use will likely reduce steam generated by the auxiliary 
boiler using secondary fuels, which costs significantly more than aggregate 
steam costs that includes cheaper fuels and the cogeneration system. 
Comprehensive campus load profiles will assist in accurately identifying these 
savings. 
• The integration of renewable energy sources into the campus load profile will 
need to occur through careful consideration of existing assets to prevent 
equipment tripping offline.  
1.9 UMASS SUSTAINABILITY 
The UMass is recognized as a leader in sustainable development both locally and 
nationally. The UMass sustainability committee is continually working to educate and 
promote sustainable practices on the campus and community. The “Sustainable 
UMass” program is involved in many initiatives that result in reductions in energy use 
and greenhouse gas emissions.  
Over the past 10 years the UMass has invested in many projects that have had a 
significant impact in lower energy use, efficient operations and reduced carbon 
emissions. The retirement of the coal-fired boiler plant and installation of the new 
cogeneration facility reduced carbon emissions by approximately 20%. Over the 
previous 10 years many cost effective energy conservation measures have been 
implemented throughout campus to reduce building energy use by 27%.  
The UMass approach, intent and efforts are consistent with the guidelines identified by 
Executive Order 484 from the Commonwealth of Massachusetts. Executive Order 484 
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is a general guideline intended for all state agencies of varying size, function and 
assets. Within the order are specific targets for energy use, carbon reductions and 
renewable energy for fiscal year 2012 and fiscal year 2020 timeframes. The energy 
reductions are based upon energy use per square foot and the greenhouse gas 
(carbon) reductions are based upon total campus equivalent carbon emissions. 
The recommendations developed for the steam, chilled water and electric systems will 
result in some reductions in both energy use and carbon emissions. The options 
proposed result in equivalent or lower life cycle costs compared to the base options. To 
further reduce energy use and carbon emissions, beyond the proposed utility 
recommendations, will require spending additional capital funds that do not have or are 
beyond a reasonable payback period. The following summarizes the UMass results for 
the fiscal year 2012 and projections for fiscal year 2020 based upon the upgrades 
currently recommended by this study. 
Area 
Fiscal Year 2012 Fiscal Year 2020 
Executive Order 
484 Target 
Reductions 
UMass 
Achieved 
Reductions 
Executive Order 
484 Target 
Reductions 
UMass 
Projected 
Reductions 
Greenhouse Gas 25% 27% 40% 18% 
Energy 20% 24%1 35% 17%1 
 Notes: 1. Greenhouse gas reductions are based upon Fiscal Year 2002 
 2. Energy use reductions are based upon Fiscal Year 2004  
 3. Energy use is measured at the building 
The Executive Order 484 energy accounting is not favorable for the unique conditions 
associated with Amherst Campus in specifically the following three areas: 
• Energy reduction targets are based upon total energy use and do not include 
consideration for the regional energy savings associated with cogeneration at an 
efficiency greater than fossil fuel plants 
• Space use is not considered. A disproportionate area of future growth has been 
identified for energy intense laboratory and research facilities which will drive the 
aggregate energy use upward 
• Carbon reductions are based upon total emissions and do not account for 
campus growth 
Over the past 10 years UMass has transformed the campus from a coal-fired heating 
system to an efficient natural gas cogeneration facility with 27% less energy use at the 
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buildings. Short term plans include a campus-wide solar powered system, expansion of 
district cooling and a potential increase in cogeneration capacity all of which are 
consistent with Executive Order 484 goals to reduce energy use and carbon emissions. 
Prior to the UMass allocating additional funds to specifically reduce energy use and 
carbon emissions to comply with the numbers identified in Executive Order 484, a 
thorough review of the university’s compliance and justification for spending is 
warranted. Essentially an Energy and Carbon Management plan is recommended to 
address the compliance with Executive Order 484 in addition to accomplishing the 
following goals: 
• Establish specific goals for the Amherst Campus through review and coordination 
with the appropriate state agencies 
• Quantify the cost of non-compliance as well as the overall cost to the UMass 
system for the Amherst Campus to meet the specific goals 
• Develop an approach to prioritize projects based upon a “triple bottom line” 
evaluation of economics, energy use and carbon reductions. 
1.10 SUMMARY AND IMPLEMENTATION 
Based upon the review of the campus energy loads, utility infrastructure and future 
development impacts, an overall plan to ensure reliable utility systems and minimize 
energy use and cost has been developed. The planning consists of the following 
objectives: 
• Continue to reduce building loads through cost effective energy measures  
• Secure long term fuel supply for natural gas 
• Prepare contingencies in the event that natural gas use will continue to be limited 
• Maintain utility reliability levels through  
o An increase in steam capacity  
o The expansion of district cooling 
o The addition of the North Electrical Switch Station 
• Renew aging infrastructure 
o Replace steam piping considered in poor condition 
o Replace older chiller systems with new high efficiency units 
• Leverage campus assets 
o Increase cogeneration capacity 
o Expand metering system to manage and optimize equipment deployment 
• Continue to lead in renewable energy strategies 
o Campus solar power project 
o Anaerobic digester project 
o Continued evaluation of emerging technologies 
1-12 
 
• Energy and Carbon Planning 
o Establish reduction goals that comply with state agencies 
o Develop an approach to evaluating and implementing qualifying projects 
o Identify cost and funding source for projects 
The implementation of the above objectives includes multiple sequential and parallel 
projects identified over the next 10 years. The timing, cost and duration of these 
projects are identified in Table No. 1-3. 
 
As noted in the project schedule the Energy and Carbon Planning study is 
recommended as a precursor to several other projects, because the results of this study 
may impact the priority and configuration of other energy projects. The estimated cost 
for the study on only the energy use is approximately $40,000.   
TABLE NO. 1-3: FUTURE UTILITY PROJECTS
UNIVERSITY OF MASSACHUSETTS AMHERST
COST ESCALATED FY FY FY FY FY FY FY FY FY
UTILITY DESCRIPTION IN 2014$ COSTS 2015 2016 2017 2018 2019 2020 2021 2022 >2022
($ MILLION) ($ MILLION) ($) ($) ($) ($) ($) ($) ($) ($) ($)
FUTURE VZW DAS - LOT 12 --- ---
BUIDLINGS CHAMPIONS CENTER --- ---
FURCOLO HALL (RENOVATION) --- ---
LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) --- ---
INTEGRATED DESIGN BUILDING --- ---
LIFE SCIENCES LABORATORY (DATA CENTER) --- ---
CHAPEL (FULLY OCCUPIED) --- ---
PHYSICAL SCIENCE BUILDING --- ---
SOUTH COLLEGE ACADEMIC FACILITY --- ---
HILLS HOUSE (DEMO) --- ---
BARTLETT HALL (DEMO) --- ---
ISENBERG SCHOOL OF MANAGEMENT ADDITION --- ---
WORCESTER DINING HALL (RENOVATION) --- ---
HAMPDEN DINING HALL (RENOVATION) --- ---
SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES --- ---
UNIVERSITY HEALTH CENTER --- ---
ACADEMIC BUILDING AT EXISTING BARTLETT HALL --- ---
CENTRAL PARKING STRUCTURE --- ---
ACADEMIC/STUDENT LIFE BUILDING --- ---
STEAM REPLACEMENT OF EX. 8,200 LF OF STEAM DISTRIBUTION 17.4 19.5 4.9 4.9 4.9 4.9
INSTALLATION OF LOOP STEAM DISTRIBUTION PIPING 13.5 15.1 3.8 3.8 3.8 3.8
EXPAND COGENERATION SYSTEM (8.0 MW COMB. TURBINE) 34.8 44.0 0.6 2.5 9.9 11.1 12.3 7.6
DEVELOP HOT WATER DISTRICTS TBD --- TBD
CHILLED EXPAND POLYMER DISTRICT (2,600 TON AND 1,500 LF) 30.0 FUNDED
WATER INSTALL 3,800 TONS AT POLYMER FOR  11 EX. BUILDINGS 14.1 18.3 18.3
EXPAND ISB DISTRICT (1,500 TONS) (2 NEW BUILDINGS) 4.4 4.9 4.9
INSTALL  1,100 LF OF PIPING ON ISB DISTRICT TO CONNECT 3.5 4.5 4.5
DEVELOP NEW LIBRARY DISTRICT (1,100 TONS AND  500 LF) 5.4 6.1 6.1
EXPAND HONORS COLLEGE DISTRICT (560 TONS AND 650 LF) 3.6 4.8 4.8
EXPAND WHITMORE DISTRICT (1,200 LF) 3.5 4.2 4.2
BERKSHIRE DINING CHILLER REPLACEMENT (200 TONS) 0.5 0.6 0.6
ELECTRIC TRANSMISSION SUBSTATION 23.0 FUNDED
INSTALL NORTH SWITCH STATION 4.7 5.3 5.3
INSTALL SOUTH SWITCH STATION 4.7 6.2 6.2
BUILDING LOAD MANAGEMENT / REDUCTION (10%) 30.0 33.6 8.4 8.4 8.4 8.4
PROJECTS SOLAR PROJECT PPA ---
TOTAL 193.2 131.9 14.1 27.7 16.6 24.7 9.0 10.0 21.1 3.7 5.0
NOTES: 1. ESCALATION COST BASED UPON 6.5% ESCALATION FACTOR FOR 2015, 5.5% FOR 2016 AND 2017, AND 3.0% BEYOND 2017
2.  FUTURE RADIAL STEAM AND CHILLED WATER PIPING NOT INCLUDED.  THE COST TO INSTALL WILL BE INCLUDED IN THE COST OF THE BUILDING
FILE: P:\MD\14\114053A0\MP\CALC\114053-SCHEDULE.XLSX RMF 9 FEB 2015
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DIVISION NO. 2 - INTRODUCTION 
2.1 BACKGROUND 
The University of Massachusetts, Amherst (UMass) was founded in 1863 and is the 
flagship institution of the University System of Massachusetts. The university has 
developed and is implementing a Master Plan to systematically increase program space 
and renovate existing areas to modern standards. This Comprehensive Energy Master 
Plan has been commissioned to support both the Campus Master Plan (~ 50 years) and 
the Capital Improvement Plan (ten years) in order to develop a parallel approach to 
upgrading and improving the energy systems on campus. The development process for 
the Energy Master Plan has been guided by the following three university principles:  
• Reliability 
• Sustainability 
• Cost Effectiveness 
This plan is intended to position the university to facilitate major development projects 
with the flexibility to reliably provide utilities in a cost effective manner that demonstrates 
responsible leadership towards environmental stewardship.  
2.2 APPROACH AND METHODOLOGY 
The Comprehensive Energy Master Plan project includes review, analysis, and 
recommendations pertaining specifically to the campus utility infrastructure and energy 
use. The utility infrastructure includes an evaluation of the existing steam, chilled water, 
and electric systems. The analysis of the generation equipment is based on age, 
condition, capacity and efficiency. The distribution systems are assessed based upon 
age, reliability and capacity. The existing systems are then evaluated based upon the 
ability to serve the existing and future phased development of the campus. Deficiencies 
and limitations within the existing systems are summarized and corrective options that 
meet established levels of reliability are developed. For each option an economic 
analysis is developed which considers energy, operating and capital cost requirements. 
All options are compared to determine the cost effectiveness of each. Many of the 
operating and capital costs will need to be estimated and therefore life cycle costs that 
are within 5% are considered relatively equivalent. 
The environmental impact and sustainability benefits of each option are discussed and 
the options are then prioritized in relation to the three UMass principles. The 
recommendations including estimated capital costs and schedule requirements are 
compiled into an implementation plan synchronized with the current campus growth.  
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2.3 UTILITY COSTS 
The university currently works with Competitive Energy Services (CES) to purchase the 
fuel as cost effectively as possible. The electric power is purchased in blocks. This 
allows UMass to lock a portion of their utility rate typically at a much lower rate than the 
local utility provider.  
The annual energy costs are developed based upon system modeling that includes 
campus loads, equipment efficiencies and average unitary utility costs (electric and 
natural gas). The unitary fuel rates (electric, natural gas, liquid natural gas, and no. 2 
diesel) are based upon the annual average budgeted rates for FY2015 by CES. The 
average unitary fuel rates are summarized in Table No. 2-1 below. 
Table No. 2-1: Average Unitary Fuel Rates 
Fuel 
Unitary 
Costs 
Heating 
Value 
Unitary 
Costs 
Electric: $0.135 /kWh 3,412 Btu/kWh $39.57 /MMBtu 
Natural Gas: $9.82/Decatherm 100,000 Btu/therm $9.82 /MMBtu 
Liquid Natural Gas: $23.56 / MMBtu --- $23.56 /MMBtu 
Ultra-Low Sulfur 
Diesel (ULSD) $3.42 / Gallon 138,490 Btu/Gallon $24.70 / MMBtu 
No. 2 Diesel $3.35 /Gallon 138,500 Btu/Gallon $24.18 / MMBtu 
 
The monthly budgeted rate for each fuel is summarized in Table No. 2-2. 
2.4 ECONOMIC FACTORS 
The economic analyses developed within this report are based upon a 25-year life 
cycle, a 5% discount rate and nominal 2.5% annual escalation rates for both gas and 
electric. A summary of these escalation rates and corresponding present value factors 
are presented in Table No. 2-3. 
The present value factors (PVF) are utilized as follows: 
 Annual (re-occurring) costs x PVF = 25-year present value 
  
TABLE NO. 2-2: SUMMARY OF BUDGETED UTILITY RATES FOR FISCAL YEAR 2015
UNIVERSITY OF MASSACHUSETTS, AMHERST
MAIN CAMPUS (ELECTRIC SUBSTATIONS AND HEATING PLANT) OTHER CAMPUSES (BELCHERTOWN/PELHAM)
TOTAL LIQUID ULTRA-LOW ULTRA-LOW NO. 2 NO. 2 BELCHER- PELHAM NO. 2 NO. 2
MONTH ELECTRIC NATURAL NATURAL NATURAL SULFUR SULFUR FUEL FUEL TOWN ELECTRIC FUEL FUEL
RATE GAS GAS GAS DIESEL DIESEL OIL OIL PROPANE PROPANE ELECTRIC RATE OIL OIL PROPANE PROPANE
($/KWH) ($/DTHERM) ($/MMBTU) ($/MMBTU) ($/GAL) ($/MMBTU) ($/GAL) ($/MMBTU) ($/GAL) ($/MMBTU) ($/KWH) ($/KWH) ($/GAL) ($/MMBTU) ($/GAL) ($/MMBTU)
JUL 0.137        9.93          9.93            ---           ---            ---            ---        ---        3.02          33.04        0.150        0.139        ---        ---        ---        ---        
AUG 0.144        9.22          9.22            ---           ---            ---            ---        ---        3.01          32.94        0.153        0.139        ---        ---        ---        ---        
SEP 0.136        8.96          8.96            ---           ---            ---            3.41          24.59        3.01          32.87        0.136        0.166        ---        ---        ---        ---        
OCT 0.126        9.27          9.27            ---           ---            ---            3.40          24.54        3.00          32.80        0.140        0.142        ---        ---        ---        ---        
NOV 0.132        8.17          8.17            15.51            3.44              24.86            3.39          24.49        2.99          32.73        0.142        0.137        3.39          24.49        ---        ---        
DEC 0.130        11.45        11.45          21.66            3.44              24.81            3.39          24.45        2.99          32.66        0.149        0.208        3.39          24.45        ---        ---        
JAN 0.125        12.38        12.38          24.15            3.43              24.75            3.38          24.39        2.98          32.57        0.147        0.141        3.38          24.39        2.98          32.57        
FEB 0.114        12.91        12.91          22.12            3.41              24.63            3.36          24.27        2.96          32.40        0.147        0.139        3.36          24.27        2.96          32.40        
MAR 0.157        11.55        11.55          20.31            3.39              24.49            3.34          24.12        2.94          32.17        0.151        0.141        3.34          24.12        ---        ---        
APR 0.134        7.77          7.77            ---           3.37              24.32            3.32          23.96        2.92          31.92        0.148        0.137        3.32          23.96        ---        ---        
MAY 0.136        7.80          7.80            ---           ---            ---            3.30          23.80        2.90          31.68        0.149        0.163        ---        ---        ---        ---        
JUN 0.150        7.65          7.65            ---           ---            ---            3.28          23.66        ---        ---        0.150        0.169        ---        ---        ---        ---        
TOTAL 0.135        9.82          9.82            23.56            3.42              24.70            3.35          24.18        2.97          32.47        0.145        0.148        3.36          24.28        2.97          32.50        
NOTES: 1. UTILITY COSTS AND CONSUMPTION PROVIDED BY CES 5/5/2014
2.  HEATING VALUE FOR THE FUELS BASED UPON THE FOLLOWING
NATURAL GAS: 1                   MMBTU/DECATHERM
ULSD: 138,490        BTU/GAL
NO. 2 FUEL OIL 138,500        BTU/GAL
PROPANE: 91,420          BTU/GAL
FILE: P:\MD\14\114053A0\MP\CALC\4053-UTILILTY-COSTS-R1.XLSX RMF 9 FEB 2015
 TABLE NO. 2-3:  PRESENT VALUE FACTOR SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FUEL NON-FUEL
DISCOUNT ANNUAL DISCOUNT
YEAR ESCALATION RATE PRESENT ESCALATION RATE PRESENT
2.5% 5.0% VALUE 2.5% 5.0% VALUE
2014 1.00 1.00 1.00 1.00 1.00 1.00
2015 1.03 0.98 1.98 1.03 0.98 1.98
2016 1.05 0.95 2.93 1.05 0.95 2.93
2017 1.08 0.93 3.86 1.08 0.93 3.86
2018 1.10 0.91 4.77 1.10 0.91 4.77
2019 1.13 0.89 5.65 1.13 0.89 5.65
2020 1.16 0.87 6.52 1.16 0.87 6.52
2021 1.19 0.84 7.36 1.19 0.84 7.36
2022 1.22 0.82 8.19 1.22 0.82 8.19
2023 1.25 0.81 8.99 1.25 0.81 8.99
2024 1.28 0.79 9.78 1.28 0.79 9.78
2025 1.31 0.77 10.55 1.31 0.77 10.55
2026 1.34 0.75 11.30 1.34 0.75 11.30
2027 1.38 0.73 12.03 1.38 0.73 12.03
2028 1.41 0.71 12.74 1.41 0.71 12.74
2029 1.45 0.70 13.44 1.45 0.70 13.44
2030 1.48 0.68 14.12 1.48 0.68 14.12
2031 1.52 0.66 14.78 1.52 0.66 14.78
2032 1.56 0.65 15.43 1.56 0.65 15.43
2033 1.60 0.63 16.06 1.60 0.63 16.06
2034 1.64 0.62 16.68 1.64 0.62 16.68
2035 1.68 0.60 17.28 1.68 0.60 17.28
2036 1.72 0.59 17.87 1.72 0.59 17.87
2037 1.76 0.57 18.45 1.76 0.57 18.45
2038 1.81 0.56 19.01 1.81 0.56 19.01
2039 1.85 0.55 19.55 1.85 0.55 19.55
FILE: P:\MD\14\114053A0\MP\CALC\UMASS-AMHERST-UNITSTEAM$.XLSX RMF 9 FEB 2015
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TABLE NO. 2-4:  PROJECT DRAWING LIST
UNIVERSITY OF MASSACHUSETTS AMHERST
BUILDING DRAWING PROJECT CONSULTING
DATE NAME FIRM
CAMPUS 2013 MV ONE-LINE DIAGRAM UMASS PHYSICAL PLANT DEPARTMENT
2013 SOUTHWEST ELECTRICAL UPGRADES UMASS AMHERST
2014 CAMPUS MAP (DWG) ---
2014 UTILITY MAP (DWG) ---
2014 STEAM BY CONDITION UMASS AMHERST
PLANT 2004 CENTRAL HEATING PLANT R.G. VANDERWEIL ENGINEERS, INC.
2011 CHP ONE-LINE PROCESS DIAGRAM UMASS AMHERST
NORTH DORM 2005 NORTH DORM MECHANICAL SCHEDULES ARCHITECTURE RESOURCES CAMBRIDGE, INC,
ISB 2006 CHILLER PLANT PAYETTE ASSOCIATES, INC.
LGRC 1971 GRADUATE RESEARCH CENTER PHASE II STAGE A CAMPBELL ALDRICH AND NULTY
2010 CHILLER REPLACEMENT RENOVATION NB KENNEY COMPANY INC.
POLYMER 1990 SITE PREP/ CHILLER FOR PRC WHITNEY, ATWOOD, NORCROSS ASSOCIATES, INC
2006 CHILLER REPLACEMENT PROJECT (AS-BUILTS) RDK ENGINEERS
2010 CHILLER INSTALLATION RIST FROST SHUMWAY ENGINEERING, P.C.
WHITMORE 2009 CHILLER REPLACEMENT FITZEMEYER & TOCCI
CAMPUS 
CENTER 2007 RECREATION BUILDING SASAKI INTERDISCIPLINARY DESIGN
HONORS 
COLLEGE 2011 COMMONWEALTH HONORS COLLEGE RES. COMPLEX RIST FROST SHUMWAY ENGINEERING, P.C.
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28. Progress Meeting No. 5 – June 2, 2014 
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30. Progress Meeting No. 7 – June 30, 2014 
31. Progress Meeting No. 8 – July 23, 2014 (Electrical Meeting) 
32. Progress Meeting No. 9 – July 28, 2014 (Stakeholders Meeting) 
33. Progress Meeting No. 10 – August 11, 2014 
34. Progress Meeting No. 11 – August 25, 2014 
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DIVISION NO. 3 - EXISTING CONDITIONS 
3.1 GENERAL 
University of Massachusetts system consists of five campuses Amherst, Boston, 
Dartmouth, Lowell, and Worcester. The University of Massachusetts, Amherst (UMass) 
campus is the flagship university of the system. A site plan that identifies the 
configuration of the campus and which buildings are currently owned by UMass is 
presented in Figure No. 3-1. Each building relies upon energy services to support the 
daily activities and functions such as lighting, ventilation, heating and other building 
operations. Approximately half the campus is also air conditioned which requires 
significant energy predominately during the summer months. To support the building 
energy use there are multiple utility systems in place. A centralized heating system 
generates steam and distributes it throughout the campus through an underground 
piping system. Electric power is also generated on site and distributed through a 
ductbank system. The power generated is augmented by power purchased from the 
electric utility company. Multiple chiller plants provide chilled water to several buildings 
for air conditioning. 
The assessment of the existing energy infrastructure for the university is divided into the 
following systems: 
• Heating System (generation and distribution) 
• Chilled Water System (plants and distribution) 
• Electric System (generation and distribution) 
• Fuel and electric supply 
• Building loads  
The above components were reviewed based upon reliability, efficiency, cost of 
operations and sustainability.  
At the start of this project, the Integrated Learning Center was not completed and was 
not receiving utilities. The peak load based upon meter data would not have included 
the building, so it is identified as a future building. At the completion of this report the 
building has been occupied, but since a peak load for the building has not yet occurred, 
it will still be identified as a future building. 
3.2 HEATING SYSTEM 
3.2.1 Steam Generation 
The Central Heating Plant (CHP) serves the heating and process load requirements for 
most of the buildings on the campus. A site plan indicating which buildings are  
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connected to the central steam system and which buildings have independent systems, 
as well as the location of the CHP is presented in Figure No. 3-2. The CHP was built in 
2007 to replace the previous coal-fired steam plant. The existing facility contains four 
steam generating units with a total design capacity of 475,000 pounds per hour (pph). A 
layout of the plant equipment is presented in Figure No. 3-3.  
A summary of the boiler capacity and operating pressure and temperature is presented 
in the Table No. 3-1 below. 
 Note: Firm capacity is the total capacity without the largest unit 
The average life for an industrial boiler is at least 35 years, provided the system is 
properly maintained. Since, these units are relatively new; there is adequate remaining 
life in the existing boilers to operate for the next 30 years. 
Boiler 100 is a Heat Recovery Steam Generator (HRSG) for an existing 10 MW 
combustion turbine. The HRSG is able to generate approximately 40,000 pph of steam 
from the exhaust of the combustion turbine. This HRSG has a duct burner that can 
increase the steam output to the design of 100,000 pph by burning additional natural 
gas. While the combustion turbine is equipped to burn either natural gas or fuel oil and 
will produce 40,000 pph of un-fired steam; the duct burner is designed to only burn 
natural gas.  
Boiler Nos. 100 and 200 operate at a steam pressure of 600 psig and a temperature of 
740°F (superheated steam). This steam condition is considered the “main steam 
pressure” and is intended to generate additional electric power through two steam 
turbine generators within the plant.  
Table No. 3-1: Existing Boiler Summary 
Boiler 
No. 
Year 
Installed Fuel 
Operating 
Pressure / 
Temperature 
(psig /°F) 
Design 
Capacity 
(pph) 
Firm 
Capacity 
(pph) 
100 2007 Natural Gas 600 / 740 100,000 100,000 
200 2007 Natural Gas/No. 2 Diesel 600 / 740 125,000 --- 
300 2007 Natural Gas/No. 2 Diesel 200 / 475 125,000 125,000 
400 2007 Natural Gas/No. 2 Diesel 200 / 475 125,000 125,000 
Total --- --- --- 475,000 350,000 
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Boiler Nos. 300 and 400 operate at a steam pressure of 200 psig and a temperature of 
475°F (also superheated steam) which is considered the “high pressure system.” 
Steam generated from Boiler Nos. 100 and 200 is passed through the first steam 
turbine which exhausts at a pressure of 200 psig. A portion of this steam is then 
distributed to the campus through the high pressure distribution piping. The remaining 
steam is then passed through the second steam turbine which has an exhaust pressure 
of 17 psig. This exhaust steam is then distributed to campus through the low pressure 
distribution piping.  
3.2.2 Back-pressure Steam Turbines 
The first back-pressure steam turbine (STG-01) is intended to generate power from 
expanding the main pressure steam (600 psig) to a lower pressure (~200 psig). The 
turbine was designed for the following conditions: 
Inlet flow:   125,000 pph 
Inlet steam conditions: 740°F at 615 psia (1,375 btu/lb) 
Exiting steam conditions: 580°F at 215 psia (1,310 btu/lb) 
Total electric output: 2,000 kW  
The second back-pressure steam turbine (STG-02) was relocated from the old coal 
steam plant to the new CHP and has the following design parameters: 
Inlet flow:   125,000 pph 
Inlet steam conditions: 580°F at 215 psia (1,310 btu/lb) 
Exiting steam conditions: 325°F at 32 psia (1,190 btu/lb) 
Total electric output: 4,000 kW  
Note that both units are designed for a steam flow of 125,000 pph. When the campus 
load exceeds the flow capacity of either turbine, steam is bypassed through a pressure 
reducing valve and de-superheater. 
3.2.3 Fuel Limitations and On-site Storage 
The primary fuel of the CHP is pipeline natural gas which is supplied to the campus 
through the local Berkshire Gas Company distribution system. Due to the pipeline 
capacity and regional demand, the university is limited in the amount of natural gas it 
can receive from the pipeline during cold winter days by the imposed daily consumption 
limit. The university and Competitive Energy Services (CES) have been coordinating 
with a national natural gas provider that is investigating the installation of a new larger 
regional natural gas service. A new service from the Marcellus region in north central 
Pennsylvania, through New York State near Albany and extended across 
Massachusetts to Dracut (Tennessee Line Extension) has been identified to possibly be 
in place by 2019 assuming there are no significant delays. The new natural gas service 
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would remove or significantly increase the existing daily consumption limitation. The 
current limits are: 
• 5,160 decatherms per day during winter months 
• 4,400 decatherms per day during summer months 
To comply with these limits, the CHP manages fuel use on a daily basis. The hourly 
steam output available from the supply of pipeline gas will vary each day depending 
upon the corresponding daily load profile and the equipment operated. The full load 
operation of the combustion turbine (115 mmbtu/hr) and the duct burner (70 mmbtu/hr) 
will result in 185 mmbtu/hr of natural gas use and approximately 100,000 pph of 
superheated steam. If operated for 24 hours the total gas use would be 4,400 
decatherms. Therefore, the combustion turbine and HRSG can be operated year round 
at a full load without supplement fuel. The part load operation of supplemental boilers 
can be supported without the use of LNG up to a certain load. According to the 
operators, days that experience a peak load of 160,000 pph or higher will definitely 
require supplemental LNG supply.  
The cost for the delivery of the LNG is significantly higher than the natural gas 
purchased through the regional pipeline distribution. The CHP also maintains an on-site 
supply of No. 2 fuel oil to be utilized to supplement the LNG storage in the event that the 
natural gas supplied to the campus is interrupted by the local supplier in accordance 
with the current contract for “interruptible” rate service. 
The existing LNG storage system is considered a temporary facility; however, the 
university has completed the design for a permanent storage facility which can 
accommodate six 18,000 gallons tanks. Initially only two of the tanks will be installed to 
provide approximately 36,000 gallons of storage which is equivalent to 3,000 
decatherms. The LNG storage volume can supplement the existing natural gas supply 
for almost an entire peak operating day, based upon a historical daily fuel use of 
approximately 8,600 decatherms.  
UMass also maintain two existing fuel oil storage tanks that have a total storage 
capacity of approximately 500,000 gallons or 69,000 MMBtu. This capacity provides up 
to approximately 8 days of fuel storage depending on the other fuels being burned and 
levels of the oil in the tanks before the interruption. 
While, the university has adequate storage for reliable system operation; the existing 
natural gas supply limit significantly impacts the operating cost for days when the 
campus load exceeds 160,000 pph. 
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3.2.4 Boiler Output and Operating Costs  
Hourly steam data from the CHP was reviewed for two previous years to estimate an 
annual load profile for the site. The data utilized was intended to include recent building 
projects and was normalized based upon the hourly weather data. A graph of the hourly 
boiler output versus the ambient dry-bulb temperature is presented in Figure No. 3-4. 
The typical winter design dry-bulb temperature published by the American Society of 
Heating Refrigeration and Air Conditioning Engineers (ASHRAE) for the Amherst area is 
0°F. At this design temperature the corresponding peak boiler load for the campus was 
approximately 300,000 pph. This boiler output is considered to be the peak steam 
generation for a typical year. While, there were approximately 50 hours where the 
recorded steam was greater than 300,000 pph; these points were considered anomalies 
outside of the load trend and do not represent typical load occurrences. 
The hourly steam generation over a 12 month period is presented in Figure No. 3-5.  
Included in this graph are approximate thresholds for boiler and fuel operation which 
are summarized in Table No. 3-2 below. 
Table No. 3-2: Thresholds for Boiler and Fuel Operation 
Steam 
Generation 
(pph) Description 
Fuel 
Consump. 
(mmbtu/hr) 
Fuel 
Cost 
($/yr) 
Electric 
Savings 
(kW) 
Electric 
Cost 
Savings 
($/yr) 
Net 
Steam 
Cost 
($/Mlb) 
0 – 40,000 Combustion Turbine only 115 1,130 11,920 1,610 (12.00) 
40,000 - 100,000 CT and HRSG 70 687 2,880 389 4.98 
100,000 - 125,000 High Pressure Boiler 30 299 1,200 162 5.46 
Notes: 1. Net Steam Costs are based upon Fiscal Year 2014 fuel ($9.82 / 
mmbtu) and electric ($0.135 / kWh) rates 
 2. Net Steam Cost = (Fuel Costs – Electric Cost Savings) / Incremental 
Steam Produced  
Based upon the current generation load profile the following key issues were identified: 
• The existing cogeneration system is over 80% utilized which results in a very 
efficient and cost effective use of the installed equipment 
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• Days when the peak steam load exceeds 160,000 pph the incremental cost to 
generate steam doubles.  
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FIGURE NO. 3-4:  ANNUAL STEAM PRODUCTION VS BOILER CAPACITY-
FISCAL YEAR 2014
UMASS AMHERST
TOTAL CAPACITY (475,000 PPH)
FIRM CAPACITY (350,000 PPH)
HRSG + 1 BOILER(225,000 PPH)
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FIGURE NO. 3-5:  ANNUAL STEAM PRODUCTION - PROJECTED FY 2014
UMASS AMHERST
0-40,000 PPH  Unfired steam from 
HRSG with STG
Cost for steam generation: -$12.00/Mlb
>160,000 PPH Supplemental Boiler 
with no electric generation  (LNG)
Cost for steam generation: $15/Mlb
Supplemental Boiler with STG
Cost for steam generation : $5.46/Mlb
40,000 - 100,000 pph from Duct Burner  
with STG
Cost for steam generation: $4.98/Mlb
Notes:  1. Load data is based upon FY2014 and adjusted data for FY2013 (where FY2014 was not available) 
2.  Steam generation costs are preliminary and approximate.
3.  STG- steam turbine generator
Supplemental boiler w/o electric 
generation (natural gas only)
Cost for steam generation : $12/Mlb
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• During fiscal year 2014 approximately 340,000 MMBtu’s of LNG were purchased. 
Without limits on the pipeline supply capacity the annual fuel cost would have 
been $4.7 million less which equates to approximately 15% of the total fuel cost. 
3.2.5 Steam Exported to Campus 
A portion of the total steam generated is utilized within the CHP for process steam 
requirements. While this in-plant use is not currently metered it was estimated to be 
approximately 15% of the total steam generation. The remaining 85% is exported to 
campus. This corresponds to a peak steam export load of 255,000 pph. Metering and 
accounting of the in-plant steam use is recommended. 
3.2.6 Distribution Losses and Building Steam Load 
The steam exported from the CHP is delivered to the buildings via the steam piping 
distribution. Even though the distribution piping is insulated, heat is still transferred, or 
lost, within the piping network. With this heat loss a small portion of the steam is 
condensed within the piping and removed by steam traps installed throughout the 
system.  
To estimate the current steam losses within the distribution network the steam exported 
was compared to the total of the metered steam at the buildings. 
The university currently meters 124 of 180 buildings connected to the steam distribution 
system. This is approximately 93% of the buildings based upon building area. The 
meters record the steam consumption every 15 minutes. The building steam meter data 
for July 2012 through March 2014 is summarized in Table No. 3-3. The table indicates 
the maximum building consumption and the total steam consumed for both FY 2013 
and FY 2014. The building areas for the different space utilizations were summed 
together. The total peak steam load and building area was utilized to develop the 
average steam loads for the different space utilizations to estimate steam use for the 
buildings without steam meters. A summary of the unitary load calculation is presented 
in Table No. 3-4. The unitary steam factors were then applied to the buildings that are 
not currently metered to estimate the total steam consumed at these buildings. 
Comparing the monthly steam generation to the monthly steam consumed, based upon 
the individual steam meter data and assuming a 15% in-plant steam use, the average 
distribution loss was estimated to be 15%. The estimated average annual steam loss for 
FY 2013 and FY 2014 are summarized in Table No. 3-5. The cost associated with the 
steam distribution losses is approximately $ 220,000 per year for each percent of 
distribution loss. A 15% distribution loss equates to an annual cost of approximately 
$3.3 million. 
  
TABLE NO. 3-3:  BUILDING HEATING LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 FY2014
BLDG BUILDING SPACE BLDG PEAK UNITARY STEAM PEAK UNITARY STEAM
NO. NAME UTILIZATION AREA LOAD LOAD USAGE EFLH LOAD LOAD USAGE EFLH
(GSF) (PPH) (BTU/HR/GSF) (LBS) (PPH) (BTU/HR/GSF) (LBS)
2 ARNOLD HOUSE ACADEMIC/RESEARCH (MAJOR) 44,353          691                16                  1,254,089        1,815       694                16                  1,480,760        2,134       
3 BAKER HOUSE RESIDENTIAL 85,799          1,490             17                  4,590,336        3,081       1,405             16                  3,923,532        2,793       
4 BROOKS HOUSE RESIDENTIAL 30,145          1,250             41                  2,222,116        1,778       1,259             42                  1,839,192        1,461       
5 BUTTERFIELD HOUSE RESIDENTIAL 41,934          2,308             55                  2,772,306        1,201       2,308             55                  2,732,716        1,184       
6 CHADBOURNE HOUSE RESIDENTIAL 35,802          920                26                  2,617,042        2,845       920                26                  2,716,248        2,952       
7 BERKSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 21,958          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
8 HAMPSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 21,634          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
9 MIDDLESEX HOUSE ACADEMIC/RESEARCH (MAJOR) 21,727          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
12 CRABTREE HOUSE RESIDENTIAL 33,296          1,573             47                  1,728,472        1,099       1,573             47                  1,899,231        1,207       
13 LINCOLN APARTMENTS UNIT 1 RESIDENTIAL 7,815            NO DATA --- 406,406           --- NO DATA --- 225,398           ---
14 LINCOLN APARTMENTS UNIT 2 RESIDENTIAL 4,615            NO DATA --- --- NO DATA --- ---
15 LINCOLN APARTMENTS UNIT 3 RESIDENTIAL 5,622            NO DATA --- --- NO DATA --- ---
16 LINCOLN APARTMENTS UNIT 4 RESIDENTIAL 4,520            NO DATA --- --- NO DATA --- ---
17 LINCOLN APARTMENTS UNIT 5 RESIDENTIAL 11,333          NO DATA --- --- NO DATA --- ---
18 LINCOLN APARTMENTS UNIT 6 RESIDENTIAL 6,793            NO DATA --- --- NO DATA --- ---
19 LINCOLN APARTMENTS UNIT 7 RESIDENTIAL 4,596            NO DATA --- --- NO DATA --- ---
20 LINCOLN APARTMENTS UNIT 8 RESIDENTIAL 4,509            NO DATA --- --- NO DATA --- ---
21 LINCOLN APARTMENTS UNIT 9 RESIDENTIAL 4,618            NO DATA --- --- NO DATA --- ---
22 LINCOLN APARTMENTS UNIT 10 RESIDENTIAL 5,193            NO DATA --- --- NO DATA --- ---
23 LINCOLN APARTMENTS UNIT 11 RESIDENTIAL 4,656            NO DATA --- --- NO DATA --- ---
24 GREENOUGH HOUSE RESIDENTIAL 35,886          1,895             53                  1,651,090        871           1,895             53                  2,153,556        1,136       
25 HAMLIN HOUSE RESIDENTIAL 35,474          1,572             44                  1,432,706        911           1,573             44                  1,578,390        1,003       
26 KNOWLTON HOUSE RESIDENTIAL 34,926          1,576             45                  1,431,138        908           1,576             45                  1,439,739        914           
27 LEACH HOUSE RESIDENTIAL 33,294          1,616             49                  2,427,173        1,502       1,679             50                  2,200,468        1,311       
28 LEWIS HOUSE RESIDENTIAL 36,400          1,574             43                  1,613,721        1,025       1,574             43                  1,819,717        1,156       
29 NEW AFRICA (MILLS HOUSE) ACADEMIC/RESEARCH (MAJOR) 35,988          368                10                  1,116,714        3,035       410                11                  1,069,838        2,609       
30 THATCHER HOUSE RESIDENTIAL 34,342          800                23                  2,753,242        3,442       800                23                  2,506,116        3,133       
32 VAN METER HOUSE RESIDENTIAL 98,239          1,823             19                  2,590,252        1,421       1,916             20                  2,561,524        1,337       
33 WHEELER HOUSE RESIDENTIAL 35,507          1,572             44                  2,515,972        1,600       1,572             44                  2,214,556        1,409       
34 MARY LYON HOUSE RESIDENTIAL 36,982          1,598             43                  1,973,178        1,235       1,596             43                  2,105,819        1,319       
35 DWIGHT HOUSE RESIDENTIAL 38,300          1,676             44                  3,096,801        1,848       1,224             32                  2,834,539        2,316       
36 JOHNSON HOUSE RESIDENTIAL 34,950          2,792             80                  2,391,869        857           2,880             82                  2,230,935        775           
TABLE NO. 3-3:  BUILDING HEATING LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 FY2014
BLDG BUILDING SPACE BLDG PEAK UNITARY STEAM PEAK UNITARY STEAM
NO. NAME UTILIZATION AREA LOAD LOAD USAGE EFLH LOAD LOAD USAGE EFLH
(GSF) (PPH) (BTU/HR/GSF) (LBS) (PPH) (BTU/HR/GSF) (LBS)
37 HILLS HOUSE (NORTH) ACADEMIC/RESEARCH (MAJOR) 102,699        935                9                    2,952,603        3,158       1,292             13                  2,377,915        1,840       
HILLS HOUSE (SOUTH) ACADEMIC/RESEARCH (MAJOR) ---                 --- ---                  ---           ---                 --- ---                  ---           
38 BLAISDELL HOUSE ACADEMIC/RESEARCH (MINOR) 4,786            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
57 CHANCELLOR'S HOUSE RESIDENTIAL 10,475          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
61 HOMESTEAD HOUSE ADMIN/SUPPORT (MINOR) 4,753            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
62 STOCKBRIDGE HOUSE ADMIN/SUPPORT (MINOR) 4,554            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
71 DUDA BUILDING ACADEMIC/RESEARCH (MINOR) 1,737            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
72 ANIMAL ISOLATION LABORATORY ACADEMIC/RESEARCH (MINOR) 3,318            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
73 THAYER ANIMAL DISEASE LABORATORY ACADEMIC/RESEARCH (MINOR) 2,854            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
74 APIARY LABORATORY ACADEMIC/RESEARCH (MINOR) 2,719            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
79 ARMY ROTC BUILDING ACADEMIC/RESEARCH (MINOR) 3,533            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
80 CHAPEL ACADEMIC/RESEARCH (MAJOR) 20,758          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
81 GOESSMANN LABORATORY (LP) ACADEMIC/RESEARCH (MAJOR) 58,676          2,034             35                  308,099           151           3,090             53                  5,081,148        1,644       
82 GOESSMANN LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 92,741          1,241             13                  669,598           540           2,174             23                  10,790,088     4,963       
83 CLARK HALL ACADEMIC/RESEARCH (MAJOR) 21,592          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
84 CLARK HALL GREENHOUSE ACADEMIC/RESEARCH (MINOR) 3,605            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
85 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 47,294          5,216             75                  12,165,006     2,332       5,216             75                  9,569,265        1,835       
86 WORCESTER DINING HALL ADDITION ADMIN/SUPPORT (MAJOR) 22,011          
87 DRAPER HALL ACADEMIC/RESEARCH (MAJOR) 31,452          1,326             34                  2,015,542        1,520       1,327             34                  1,929,703        1,454       
88 DRAPER HALL ANNEX ACADEMIC/RESEARCH (MINOR) 8,037            
89 EAST EXPERIMENT STATION ACADEMIC/RESEARCH (MINOR) 5,765            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
91 GUNNESS LABORATORY ACADEMIC/RESEARCH (MAJOR) 21,331          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
92 MARSTON HALL ACADEMIC/RESEARCH (MAJOR) 63,601          1,271             20                  2,183,188        1,718       1,489             23                  4,054,022        2,723       
93 AGRICULTURAL ENGINEERING BLDG SOUTH (LP) ACADEMIC/RESEARCH (MAJOR) 17,219          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
AGRICULTURAL ENGINEERING BLDG SOUTH (MP)? ACADEMIC/RESEARCH (MAJOR) NO DATA --- NO DATA --- NO DATA --- NO DATA ---
94 AGRICULTURAL ENGINEERING BLDG NORTH ACADEMIC/RESEARCH (MAJOR) 12,546          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
96 DURFEE RANGE ACADEMIC/RESEARCH (MINOR) 4,931            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
97 FERNALD HALL ACADEMIC/RESEARCH (MAJOR) 34,243          1,891             55                  1,985,847        1,050       1,891             55                  3,402,486        1,799       
100 FLINT LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,133          538                18                  1,361,423        2,531       581                20                  1,313,409        2,261       
101 CHENOWETH LABORATORY (LP) ACADEMIC/RESEARCH (MAJOR) 11,402          417                37                  1,277,563        3,064       63                  6                    31,165             495           
104 FRENCH HALL ACADEMIC/RESEARCH (MAJOR) 24,628          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
107 BARTLETT HALL ACADEMIC/RESEARCH (MAJOR) 118,002        3,032             26                  7,530,382        2,484       3,492             30                  7,048,619        2,019       
111 MACHMER HALL ACADEMIC/RESEARCH (MAJOR) 72,041          1,545             21                  4,251,151        2,752       1,599             22                  4,293,972        2,685       
115 MEMORIAL HALL ADMIN/SUPPORT (MAJOR) 19,712          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
116 MUNSON HALL ADMIN/SUPPORT (MAJOR) 13,180          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
TABLE NO. 3-3:  BUILDING HEATING LOAD SUMMARY
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BLDG BUILDING SPACE BLDG PEAK UNITARY STEAM PEAK UNITARY STEAM
NO. NAME UTILIZATION AREA LOAD LOAD USAGE EFLH LOAD LOAD USAGE EFLH
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117 MUNSON HALL ANNEX ACADEMIC/RESEARCH (MINOR) ---              NO DATA --- NO DATA --- NO DATA --- NO DATA ---
118 HATCH LABORATORY ACADEMIC/RESEARCH (MINOR) 8,817            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
120 PAIGE LABORATORY (LP FEED) ACADEMIC/RESEARCH (MAJOR) 29,561          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
PAIGE LABORATORY (MP FEED) ACADEMIC/RESEARCH (MAJOR) NO DATA --- NO DATA --- NO DATA --- NO DATA ---
121 HICKS PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 21,879          4,022             34                  5,220,675        1,298       3,928             33                  6,122,284        1,559       
122 HICKS PHYSICAL EDUCATION CAGE ADMIN/SUPPORT (MAJOR) 84,336          
576 HICKS PHYSICAL EDUCATION CAGE ADDITION ADMIN/SUPPORT (MAJOR) 12,347          
123 TOTMAN PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 113,048        2,970             26                  6,049,018        2,037       3,438             30                  6,464,490        1,880       
124 HASBROUCK LABORATORY ACADEMIC/RESEARCH (MAJOR) 32,210          1,482             46                  2,328,610        1,571       1,565             49                  2,554,166        1,632       
125 PHOTOGRAPHY LABORATORY ADMIN/SUPPORT (MINOR) 9,916            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
127 MORRILL SCIENCE CENTER II (LP FEED) ACADEMIC/RESEARCH (MAJOR) 90,682          619                44                  1,721,847        2,782       654                42                  1,562,297        2,389       
MORRILL SCIENCE CENTER II (MP FEED) ACADEMIC/RESEARCH (MAJOR) 1,187             4,399,719        3,707       1,088             3,301,036        3,034       
MORRILL SCIENCE CENTER II (CHILLER) ACADEMIC/RESEARCH (MAJOR) 2,208             7,379,839        3,342       2,088             6,934,331        3,321       
128 SKINNER HALL ACADEMIC/RESEARCH (MAJOR) 63,352          2,490             39                  2,269,916        912           2,536             40                  1,684,426        664           
129 SOUTH COLLEGE ACADEMIC/RESEARCH (MAJOR) 31,266          1,224             39                  2,205,782        1,802       1,279             41                  1,977,084        1,546       
130 STOCKBRIDGE HALL ACADEMIC/RESEARCH (MAJOR) 80,601          3,404             42                  2,960,592        870           3,116             39                  4,002,510        1,285       
131 STUDENT UNION ADMIN/SUPPORT (MAJOR) 108,291        2,650             24                  6,878,390        2,596       2,538             23                  5,669,804        2,234       
132 DICKINSON HALL ACADEMIC/RESEARCH (MAJOR) 29,820          704                24                  1,955,506        2,778       722                24                  1,613,377        2,235       
135 BOWDITCH HALL ACADEMIC/RESEARCH (MAJOR) 12,396          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
136 GRINNELL ARENA ACADEMIC/RESEARCH (MINOR) 8,010            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 16,085          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
168 WEST EXPERIMENT STATION ACADEMIC/RESEARCH (MAJOR) 14,474          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
169 WILDER HALL ACADEMIC/RESEARCH (MAJOR) 10,252          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
170 PHYSICAL PLANT BUILDING ADMIN/SUPPORT (MAJOR) 63,815          2,414             15                  6,526,727        2,704       2,334             15                  5,621,747        2,409       
398 PHYSICAL PLANT BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 94,350          
171 GOODELL BUILDING ADMIN/SUPPORT (MAJOR) 34,047          4,038             119                14,394,204     3,565       3,760             110                8,318,171        2,212       
172 GOODELL BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 95,230          1,572             17                  2,740,184        1,743       1,662             17                  1,585,355        954           
290 MORRILL SCIENCE CENTER III (LP FEED) ACADEMIC/RESEARCH (MAJOR) 65,657          ---                 17                  ---                  --- ---                 8                    ---                  ---           
MORRILL SCIENCE CENTER III (MP FEED) ACADEMIC/RESEARCH (MAJOR) 1,253             5,762,897        4,599       602                4,005,979        6,654       
508 MORRILL SCIENCE CENTER GREENHOUSE ADD. ACADEMIC/RESEARCH (MINOR) 8,381            
291 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 38,734          771                20                  2,080,030        2,698       757                20                  1,804,249        2,383       
292 COLD STORAGE BUILDING ADMIN/SUPPORT (MAJOR) 18,963          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
293 ENGINEERING SHOPS BUILDING ACADEMIC/RESEARCH (MAJOR) 44,968          962                21                  2,873,253        2,987       979                22                  2,916,012        2,979       
294 GORMAN HOUSE RESIDENTIAL 65,930          2,946             45                  3,456,320        1,173       2,946             45                  3,586,589        1,217       
295 BRETT HOUSE RESIDENTIAL 51,568          2,410             47                  3,141,184        1,303       2,364             46                  2,699,707        1,142       
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296 HOLDSWORTH HALL (LP) ACADEMIC/RESEARCH (MAJOR) 64,255          2,610             41                  2,804,735        1,075       2,758             43                  3,238,498        1,174       
317 ISENBERG SCHOOL OF MANAGEMENT (LP) ACADEMIC/RESEARCH (MAJOR) 75,429          2,090             28                  4,580,221        2,191       1,852             25                  4,307,061        2,326       
318 HASBROUCK LABORATORY ADDITION (LP) ACADEMIC/RESEARCH (MAJOR) 75,761          3,000             61                  15,102,019     5,034       3,000             41                  8,875,107        2,958       
HASBROUCK LABORATORY ADDITION (MP) ACADEMIC/RESEARCH (MAJOR) 1,585             206,342           130           91                  120,004           1,319       
319 BOYDEN GYMNASIUM ADMIN/SUPPORT (MAJOR) 208,913        3,864             18                  8,514,538        2,204       3,720             18                  8,724,469        2,345       
329 MAHAR AUDITORIUM ACADEMIC/RESEARCH (MINOR) 19,141          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
330 GRAYSON HOUSE RESIDENTIAL 77,484          1,993             26                  4,619,068        2,318       1,703             22                  3,811,273        2,238       
331 DICKINSON HOUSE RESIDENTIAL 77,879          2,830             36                  3,819,618        1,350       2,818             36                  3,691,351        1,310       
332 FIELD HOUSE RESIDENTIAL 77,484          1,950             25                  4,201,287        2,155       1,887             24                  3,211,225        1,702       
333 WEBSTER HOUSE RESIDENTIAL 77,880          1,844             24                  3,855,851        2,091       2,278             29                  3,376,787        1,482       
334 FRANKLIN DINING HALL (LP) ADMIN/SUPPORT (MAJOR) 60,100          3,599             60                  8,877,781        2,467       3,573             59                  7,333,505        2,052       
FRANKLIN DINING HALL (MP) ADMIN/SUPPORT (MAJOR) 1                    --- 414                  414           1                    --- 217                  217           
343 MARCUS HALL ACADEMIC/RESEARCH (MAJOR) 67,971          2,602             38                  7,821,072        3,006       2,698             40                  10,866,407     4,028       
344 CHENOWETH LABORATORY ADDITION (LP) ACADEMIC/RESEARCH (MAJOR) 47,277          1,852             39                  2,686,254        1,450       1,862             39                  5,021,791        2,697       
347 MORRILL SCIENCE CENTER IV (LP) ACADEMIC/RESEARCH (MAJOR) 121,765        4,338             28                  11,510,037     2,653       4,752             30                  11,338,923     2,386       
MORRILL SCIENCE CENTER IV (MP) ACADEMIC/RESEARCH (MAJOR) 792                1,750,039        2,210       749                1,112,288        1,485       
126 MORRILL SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 61,921          
348 THOREAU HOUSE RESIDENTIAL 48,157          4,956             26                  10,337,608     2,086       5,068             27                  11,220,006     2,214       
349 MELVILLE HOUSE RESIDENTIAL 48,189          
350 JAMES HOUSE RESIDENTIAL 48,128          
351 EMERSON HOUSE RESIDENTIAL 43,782          
352 KENNEDY HOUSE RESIDENTIAL 149,058        3,904             26                  9,124,587        2,337       3,950             26                  7,637,554        1,934       
353 COOLIDGE HOUSE RESIDENTIAL 150,560        3,600             24                  7,838,523        2,177       3,624             24                  8,331,157        2,299       
354 ADAMS, JOHN HOUSE RESIDENTIAL 149,743        3,370             23                  5,991,292        1,778       3,510             23                  6,904,698        1,967       
355 ADAMS, JOHN Q. HOUSE RESIDENTIAL 149,749        5,188             35                  8,037,219        1,549       5,340             36                  8,814,868        1,651       
356 WASHINGTON HOUSE RESIDENTIAL 149,887        3,478             23                  6,822,306        1,962       3,356             22                  7,457,166        2,222       
357 HAMPSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 47,311          ---                 ---                 ---                  ---           672                14                  601,783           896           
378 PATTERSON HOUSE RESIDENTIAL 92,814          4,268             28                  8,351,940        1,957       4,264             28                  9,428,078        2,211       
379 MACKIMMIE HOUSE RESIDENTIAL 60,654          
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380 CRAMPTON HOUSE RESIDENTIAL 54,081          2,792             21                  10,254,574     3,673       2,792             21                  10,016,977     3,588       
381 PRINCE HOUSE RESIDENTIAL 81,283          
382 HAMPDEN DINING HALL ADMIN/SUPPORT (MAJOR) 55,829          3,990             71                  13,231,274     3,316       3,790             68                  9,868,111        2,604       
387 AGRICULTURAL ENGINEERING BLDG CENTRAL ACADEMIC/RESEARCH (MAJOR) 15,719          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
388 WHITMORE HALL ADMIN/SUPPORT (MAJOR) 133,227        8,616             65                  1,334,769        155           10,773           81                  20,716,900     1,923       
397 PHYSICAL PLANT FLAMMABLE STORAGE ADMIN/SUPPORT (MINOR) 2,548            NO DATA --- NO DATA --- NO DATA --- NO DATA ---
399 BERKSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 74,822          4,520             60                  19,410,052     4,294       4,564             61                  15,654,335     3,430       
400 CANCE HOUSE RESIDENTIAL 77,028          1,793             23                  2,902,668        1,619       1,772             23                  3,816,260        2,154       
401 PIERPONT HOUSE RESIDENTIAL 85,403          1,400             16                  3,700,894        2,643       1,381             16                  3,581,386        2,593       
402 MOORE HOUSE RESIDENTIAL 59,682          1,946             33                  3,432,000        1,764       1,914             32                  3,610,758        1,886       
405 THOMPSON HALL ACADEMIC/RESEARCH (MAJOR) 100,011        4,192             42                  4,979,675        1,188       4,192             42                  7,007,824        1,672       
406 HERTER HALL (LP) ACADEMIC/RESEARCH (MAJOR) 124,254        1,488             53                  4,548,643        3,057       633                45                  3,264,685        5,157       
HERTER HALL (CHILLER) ACADEMIC/RESEARCH (MAJOR) 5,064             6,155,696        1,216       5,008             5,020,593        1,003       
412 LEDERLE GRADUATE RESEARCH CENTER (LP) ACADEMIC/RESEARCH (MAJOR) 312,999        12,240           26                  59,532,975     4,864       12,960           28                  50,820,032     3,921       
LEDERLE GRADUATE RESEARCH CENTER (MP) ACADEMIC/RESEARCH (MAJOR) 534                2,040,028        3,820       589                870,150           1,477       
502 LEDERLE GRADUATE RESEARCH CENTER ADD. ACADEMIC/RESEARCH (MAJOR) 174,146        
413 LINCOLN CAMPUS CENTER (LP) ADMIN/SUPPORT (MAJOR) 284,799        9,717             41                  26,782,588     2,756       9,341             38                  11,108,913     1,189       
LINCOLN CAMPUS CENTER (MP) ADMIN/SUPPORT (MAJOR) 2,037             6,237,178        3,062       1,571             4,266,293        2,716       
414 PARKING GARAGE ADMIN/SUPPORT (MAJOR) 401,534        2,208             5                    4,534,916        2,054       2,282             6                    4,429,841        1,941       
415 TOBIN HALL ACADEMIC/RESEARCH (MAJOR) 112,624        4,796             43                  9,466,524        1,974       5,360             48                  11,448,709     2,136       
417 DUBOIS LIBRARY ACADEMIC/RESEARCH (MAJOR) 449,068        5,340             12                  17,820,132     3,337       6,470             14                  17,874,347     2,763       
418 UNIVERSITY HEALTH CENTER ADDITION ADMIN/SUPPORT (MAJOR) 29,628          795                27                  1,625,867        2,045       761                26                  1,446,450        1,901       
420 FINE ARTS CENTER ACADEMIC/RESEARCH (MAJOR) 223,000        5,536             25                  14,140,896     2,554       6,000             27                  15,593,035     2,599       
426 BROWN HOUSE RESIDENTIAL 100,177        2,458             25                  6,076,377        2,472       2,464             25                  5,831,183        2,367       
427 CASHIN HOUSE RESIDENTIAL 100,145        2,236             22                  5,429,720        2,428       2,266             23                  5,463,010        2,411       
428 MCNAMARA HOUSE RESIDENTIAL 100,177        4,272             43                  4,150,566        972           3,688             37                  4,166,490        1,130       
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604 KNOWLES ENGINEERING BUILDING ACADEMIC/RESEARCH (MAJOR) 39,118          982                25                  2,153,068        2,193       945                24                  1,616,011        1,710       
613 MULLINS MEMORIAL CENTER ADMIN/SUPPORT (MAJOR) 180,388        NO DATA --- 20,535,200     --- NO DATA --- 406,406           ---
614 CONTE POLYMER RESEARCH CENTER (LP) ACADEMIC/RESEARCH (MAJOR) 211,102        5,000             60                  25,340,859     5,068       5,000             24                  20,709,427     4,142       
CONTE POLYMER RESEARCH CENTER (MP) ACADEMIC/RESEARCH (MAJOR) 7,567             4,829,929        638           80                  503,534           6,294       
CONTE POLYMER RESEARCH CENTER (MP 2) ACADEMIC/RESEARCH (MAJOR) ---                 ---                  ---           ---                 ---                  ---           
651 ENGINEERING & COMPUTER SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 79,285          5,355             68                  9,113,921        1,702       5,114             65                  12,569,978     2,458       
653 ANIMAL CARE FACILITY (LP) ACADEMIC/RESEARCH (MAJOR) 21,043          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
ANIMAL CARE FACILITY (MP) ACADEMIC/RESEARCH (MAJOR) NO DATA --- NO DATA --- NO DATA --- NO DATA ---
654 ALFOND HALL ACADEMIC/RESEARCH (MAJOR) 52,274          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
657 ENGINEERING LABORATORY II ACADEMIC/RESEARCH (MAJOR) 88,183          6,228             71                  13,203,664     2,120       6,292             71                  12,248,643     1,947       
670 NORTH A RESIDENTIAL 94,003          5,008             13                  13,391,483     2,674       5,780             15                  10,450,649     1,808       
671 NORTH B RESIDENTIAL 94,003          
672 NORTH C RESIDENTIAL 94,003          
673 NORTH D RESIDENTIAL 95,149          
676 INTEGRATED SCIENCES BUILDING ACADEMIC/RESEARCH (MAJOR) 188,445        11,123           133                30,402,505     2,733       10,947           131                24,493,901     2,237       
INTEGRATED SCIENCES BUILDING (ABS) ACADEMIC/RESEARCH (MAJOR) 13,992           29,061,343     2,077       13,678           13,922,527     1,018       
677 STUDIO ARTS BUILDING ACADEMIC/RESEARCH (MAJOR) 65,671          784                12                  1,828,145        2,332       779                12                  1,631,818        2,095       
678 RECREATION CENTER ADMIN/SUPPORT (MAJOR) 160,192        2,491             16                  5,320,113        2,136       2,829             18                  6,396,407        2,261       
696 GEORGE N. PARKS MARCHING BAND BUILDING ACADEMIC/RESEARCH (MAJOR) 21,747          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 16,085          NO DATA --- NO DATA --- NO DATA --- NO DATA ---
COM COMMONWEALTH HONORS COLLEGE (LP) ACADEMIC/RESEARCH (MAJOR) 500,000        904                4                    738,230           817           8,155             32                  14,514,979     1,780       
COM COMMONWEALTH HONORS COLLEGE (MP) ACADEMIC/RESEARCH (MAJOR) 904                440,837           488           8,000             4,494,552        562           
TOTAL ---                                                     10,549,687   297,888         ---                 682,629,778   2,292       309,120         ---                 637,107,010   2,061       
NOTES: 1.                     -  NO METERED DATA, BASED UPON UNITARY LOAD
2.  COINCIDENT PEAK DATA TIME: 27 FEB 2014 AT 7:00AM
3. UNITARY LOADS FOR NON METER BUILDING BASED UPON EXISTING METERED DATA
FILE: P:\MD\14\114053A0\MP\CALC\4053-STEAMLOADS.XLSX
TABLE NO. 3-4:  STEAM UNITARY LOAD DEVELOPMENT SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
TOTAL CAMPUS METERED BUILDINGS FY 2013 FY 2014
TOTAL TOTAL
TOTAL NO. OF PEAK PEAK
SPACE CAMPUS NO. OF BUILDING  EXISTING BUILDING UNITARY TOTAL UNITARY BUILDING UNITARY TOTAL UNITARY
UTILIZATION AREA BUILDINGS AREA METERS LOAD LOAD CONSUMED CONSUMP. LOAD LOAD CONSUMED CONSUMP.
(GSF) (GSF) (PPH) (BTU/HR/GSF) (MLBS) (KBTU/GSF/YR) (PPH) (BTU/HR/GSF) (MLBS) (KBTU/GSF/YR)
ACADEMIC/RESEARCH (MAJOR) 4,799,536      76         4,450,099      56         148,712    33              354,292               80                 158,061    36              349,496         79                 
RESIDENTIAL 3,310,101      57         3,235,356      45         90,677      28              166,742               52                 90,915      28              163,863         51                 
ADMIN/SUPPORT (MAJOR) 2,332,645      28         2,056,810      22         58,499      28              140,654               68                 60,144      29              123,116         60                 
ACADEMIC/RESEARCH (MINOR) 85,634           15         8,381             1           ---            31              ---                    ---                   ---            32              ---                   ---                   
ADMIN/SUPPORT (MINOR) 21,771           4           ---                 ---            ---            31              ---                    ---                   ---            32              ---                   ---                   
TOTAL CAMPUS 10,549,687    180       9,750,646      124       297,888    31              661,688               68                 309,120    32              636,475         65                 
92% 69%
NOTES: 1.  ADMIN/SUPPORT(MINOR) AND ACADEMIC/RESEARCH (MAJOR) AREA UNITARY LOADS BASED UPON CAMPUS AVERAGE
2.  CAMPUS AREA AND METER DATA EXCLUDES BOTH LSL (395,000 GSF NOT FULLY OCCUPIED IN FY 2014) AND NACB (UNDER CONSTRUCTION)
FILE: P:\MD\14\114053A0\MP\CALC\4053-STEAMLOADS.XLSX RMF 9 FEB 2015
TABLE NO. 3-5:  COMPARISON OF STEAM PRODUCTION TO CAMPUS CONSUMPTION
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 FY2014
ESTIMATED DISTRIBUTION LOSS ESTIMATED DISTRIBUTION LOSS
15% METERED NON-METERED STEAM 15% METERED NON-METERED STEAM
STEAM IN-PLANT BUILDING BUILDING DIST. DELIVERY STEAM IN-PLANT BUILDING BUILDING DIST. DELIVERY
MONTH PRODUCED STEAM LOAD LOAD LOSS DIFF. EFF. PRODUCED STEAM LOAD LOAD LOSS DIFF. EFF.
(MLBS) (MLBS) (MLBS)2 (MLBS)3 (MLBS) (%) (%) (MLBS) (MLBS) (MLBS)2 (MLBS)3 (MLBS) (%) (%)
JUL 60,357          9,054            42,717          2,179            6,408           11          74          62,702          9,405            41,940          2,139            9,218           15          70          
AUG 63,418          9,513            39,270          2,003            12,632        20          65          52,787          7,918            43,660          2,227            (1,018)           (2)             87          
SEP 66,533          9,980            42,867          2,186            11,500        17          68          12,271          ---                  43,405          2,214            ---                ---          ---          
OCT 77,569          11,635          49,555          2,527            13,851        18          67          77,935          11,690          51,778          2,641            11,826        15          70          
NOV 103,899        15,585          65,130          3,322            19,862        19          66          104,876        15,731          74,798          3,815            10,532        10          75          
DEC 113,349        17,002          74,158          3,782            18,407        16          69          132,675        19,901          91,513          4,667            16,594        13          72          
JAN 130,264        19,540          84,038          4,286            22,400        17          68          148,318        22,248          104,536        5,331            16,203        11          74          
FEB 119,662        17,949          81,350          4,149            16,214        14          71          133,515        20,027          96,260          4,909            12,319        9            76          
MAR 95,458          14,319          74,441          3,796            2,902           3            82          128,892        19,334          93,511          4,769            11,278        9            76          
APR 84,268          12,640          54,909          2,800            13,919        17          68          ---                  ---                  ---                  ---                  ---                ---          ---          
MAY 62,135          9,320            41,038          2,093            9,684           16          69          ---                  ---                  ---                  ---                  ---                ---          ---          
JUN 54,142          8,121            35,061          1,788            9,172           17          68          ---                  ---                  ---                  ---                  ---                ---          ---          
TOTAL 1,031,054     154,658        684,532        34,911          156,953      15      70      841,699        126,254        597,995        30,498          86,952        10      75      
NOTES: 1.              - CHP DATA INCOMPLETE FOR SEPTEMBER 2013
2. METER BUILDING LOAD BASED UPON UPDATED HOURLY METER BUILDING DATA PLUS THE MONTHLY CONSUMPTION FOR MULLINS MEMORIAL CENTER AND LINCOLN APARTMENTS
3. NON METERED BUILDING LOAD BASED UPON ~5% BUILDING ARE NOT CURRENTLY METERED
4. SYSTEM DELIVERY EFFICIENCY BASED UPON THE TOTAL BUILDING STEAM LOAD / TOTAL STEAM PRODUCED
FILE: P:\MD\14\114053A0\MP\CALC\4053-CHP-LOG-DATA.XLSX RMF 9 FEB 2015
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Based upon the existing steam pipe diameters and lengths, an approximation was 
developed for steam loss within distribution system, assuming all of the insulation was 
in good condition. This analysis is presented Table No. 3-6 and the results indicate that 
a current heat loss of 15% is only slightly higher than the 13% loss associated with a 
fully insulated system. 
While the estimated distribution losses are similar to the predicted theoretical losses, 
the following actions are recommended to improve the accuracy of the comparison and 
to maximize the distribution system efficiency: 
• Add metering to trend the export steam from CHP on an hourly basis 
• Continue steam trap maintenance plans 
• Continue periodic infrared flyovers (as performed in November 2013) to identify 
potential leaks 
The total non-coincident peak building loads including buildings without steam meters is 
approximately 349,000 pph. All the buildings will not peak at the same time so a system 
diversity factor was estimated based upon the peak steam generated minus the in-plant 
steam use and distribution losses. Assuming a 15% distribution loss added to the 15% 
in-plant steam use the coincident peak building load was estimated to be approximately 
220,000 pph. This corresponds to a system diversity factor of 0.63. The individual non-
coincident and coincident peak building loads are summarized in Table No. 3-7. 
The following is a summary of the peak steam requirements: 
 Coincident Peak Building Load:  220,000 pph 
Distribution Loss:    35,000 pph  
Exported Load:  255,000 pph 
In-Plant Steam Use:   45,000 pph 
Boiler Output:  300,000 pph 
   
3.2.7 Pipe Condition 
The UMass steam pipe system contains Schedule 80 steel pipe that is installed in a 
combination of direct buried, pipe trench, and walkable tunnel environments. A site plan 
indicating the type of installation system for the distribution is presented in Figure No. 3-
6.  
Based on the current university estimates approximately 46,700 linear feet (LF) (65%) 
of the campus steam piping is in good condition, 14,800 LF (20%) is in fair condition, 
and 9,300 LF (15%) is in poor condition. A site plan of pipe condition and installation 
type is presented in Figure No. 3-7. The university has replaced a significant portion of 
the distribution in recent years to maintain system reliability. Based upon current  
TABLE NO. 3-6:  STEAM DISTRIBUTION LOSSES
UNIVERSITY OF MASSACHUSETTS, AMHERST
Approximate Existing Lengths Heat Loss Based Upon Equivalent Insulation Thickness
Med. Pressure Low Pressure
Pipe Tunnel D-B Tunnel D-B 1-inch 1.5 inches 2 - inches 2.5 inches 3-inches
Diameter (LF) (LF) (LF) (LF) (MMBtu/yr) (MMBtu/yr) (MMBtu/yr) (MMBtu/yr) (MMBtu/yr)
1 1/2 50              -            40              40              30              30              30              
2 180            400            430            350            300            270            250            
2 1/2 330            240            510            420            360            320            290            
3 1,550         2,450         4,000         3,000         3,000         2,000         2,000         
4 580            3,100         3,000         3,000         2,000         2,000         2,000         
5 -            1,630         2,000         1,000         1,000         1,000         1,000         
6 900            950            5,360         12,000       10,000       9,000         8,000         8,000         
8 800            1,780         11,390       22,000       18,000       16,000       14,000       13,000       
10 600            2,400         5,020         16,000       13,000       12,000       10,000       9,000         
12 5,800         300            500            8,750         60,000       49,000       43,000       39,000       36,000       
14 -            1,950         1,130         13,000       11,000       10,000       9,000         9,000         
16 1,700         -            3,200         3,440         40,000       33,000       29,000       27,000       25,000       
20 460            -            2,270         -            33,000       25,000       21,000       19,000       17,000       
24 -            1,590         -            12,000       10,000       9,000         8,000         7,000         
Totals 10,260       8,120         9,510         42,910       218,000     177,000     156,000     140,000     130,000     
Total Annual Steam Generated 1,031,000  Mlbs 21% 17% 15% 14% 13%
Estimated System Losses 146,000     MMBtu/yr
Notes: 1.  Heat Loss Calculations Based Upon the Following:
Cellular Glass Insulation (k=0.046 Btu/hr/ft/F)
Soil (k=0.75 Btu/hr/ft/F)
Average Tunnel Temperature of 90 F.
TABLE NO. 3-7:  BUILDING HEATING LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING NON- BUILDING BLDG & DIST BOILER
BLDG BUILDING SPACE BLDG LOAD UNITARY COINCIDENT COINCIDENT PEAK OUPUT
NO. NAME UTILIZATION AREA SOURCE LOAD PEAK PEAK LOAD LOAD
(GSF) (BTU/HR/GSF) (PPH) (PPH) (PPH) (PPH)
2 ARNOLD HOUSE ACADEMIC/RESEARCH (MAJOR) 44,353          METER DATA 16            690           435           504            593           
3 BAKER HOUSE RESIDENTIAL 85,799          METER DATA 17            1,490        939           1,088          1,280        
4 BROOKS HOUSE RESIDENTIAL 30,145          METER DATA 42            1,260        794           920            1,082        
5 BUTTERFIELD HOUSE RESIDENTIAL 41,934          METER DATA 55            2,310        1,456        1,688          1,986        
6 CHADBOURNE HOUSE RESIDENTIAL 35,802          METER DATA 26            920           580           672            791           
7 BERKSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 21,958          UNITARY LOAD 29            640           403           467            549           
8 HAMPSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 21,634          UNITARY LOAD 29            630           397           460            541           
9 MIDDLESEX HOUSE ACADEMIC/RESEARCH (MAJOR) 21,727          UNITARY LOAD 36            770           485           562            661           
12 CRABTREE HOUSE RESIDENTIAL 33,296          METER DATA 47            1,570        990           1,148          1,351        
13 LINCOLN APARTMENTS UNIT 1 RESIDENTIAL 7,815            UNITARY LOAD 28            220           139           161            189           
14 LINCOLN APARTMENTS UNIT 2 RESIDENTIAL 4,615            UNITARY LOAD 28            130           82             95              112           
15 LINCOLN APARTMENTS UNIT 3 RESIDENTIAL 5,622            UNITARY LOAD 28            160           101           117            138           
16 LINCOLN APARTMENTS UNIT 4 RESIDENTIAL 4,520            UNITARY LOAD 28            130           82             95              112           
17 LINCOLN APARTMENTS UNIT 5 RESIDENTIAL 11,333          UNITARY LOAD 28            320           202           234            275           
18 LINCOLN APARTMENTS UNIT 6 RESIDENTIAL 6,793            UNITARY LOAD 28            190           120           139            164           
19 LINCOLN APARTMENTS UNIT 7 RESIDENTIAL 4,596            UNITARY LOAD 28            130           82             95              112           
20 LINCOLN APARTMENTS UNIT 8 RESIDENTIAL 4,509            UNITARY LOAD 28            130           82             95              112           
21 LINCOLN APARTMENTS UNIT 9 RESIDENTIAL 4,618            UNITARY LOAD 28            130           82             95              112           
22 LINCOLN APARTMENTS UNIT 10 RESIDENTIAL 5,193            UNITARY LOAD 28            150           95             110            129           
23 LINCOLN APARTMENTS UNIT 11 RESIDENTIAL 4,656            UNITARY LOAD 28            130           82             95              112           
24 GREENOUGH HOUSE RESIDENTIAL 35,886          METER DATA 53            1,900        1,198        1,389          1,634        
25 HAMLIN HOUSE RESIDENTIAL 35,474          METER DATA 44            1,570        990           1,148          1,351        
26 KNOWLTON HOUSE RESIDENTIAL 34,926          METER DATA 45            1,580        996           1,154          1,358        
27 LEACH HOUSE RESIDENTIAL 33,294          METER DATA 50            1,680        1,059        1,227          1,444        
28 LEWIS HOUSE RESIDENTIAL 36,400          METER DATA 43            1,570        990           1,148          1,351        
29 NEW AFRICA (MILLS HOUSE) ACADEMIC/RESEARCH (MAJOR) 35,988          METER DATA 11            410           258           299            352           
30 THATCHER HOUSE RESIDENTIAL 34,342          METER DATA 23            800           504           584            687           
32 VAN METER HOUSE RESIDENTIAL 98,239          METER DATA 20            1,920        1,210        1,403          1,651        
33 WHEELER HOUSE RESIDENTIAL 35,507          METER DATA 44            1,570        990           1,148          1,351        
34 MARY LYON HOUSE RESIDENTIAL 36,982          METER DATA 43            1,600        1,009        1,170          1,376        
35 DWIGHT HOUSE RESIDENTIAL 38,300          METER DATA 44            1,680        1,059        1,227          1,444        
36 JOHNSON HOUSE RESIDENTIAL 34,950          METER DATA 82            2,880        1,815        2,104          2,475        
37 HILLS HOUSE (NORTH) ACADEMIC/RESEARCH (MAJOR) 102,699        METER DATA 13            1,290        813           942            1,108        
HILLS HOUSE (SOUTH) ACADEMIC/RESEARCH (MAJOR) METER DATA ---              ---               ---           
38 BLAISDELL HOUSE ACADEMIC/RESEARCH (MINOR) 4,786            UNITARY LOAD 32            150           95             110            129           
57 CHANCELLOR'S HOUSE RESIDENTIAL 10,475          UNITARY LOAD 28            290           183           212            249           
61 HOMESTEAD HOUSE ADMIN/SUPPORT (MINOR) 4,753            UNITARY LOAD 32            150           95             110            129           
62 STOCKBRIDGE HOUSE ADMIN/SUPPORT (MINOR) 4,554            UNITARY LOAD 32            140           88             102            120           
71 DUDA BUILDING ACADEMIC/RESEARCH (MINOR) 1,737            UNITARY LOAD 32            60             38             44              52             
72 ANIMAL ISOLATION LABORATORY ACADEMIC/RESEARCH (MINOR) 3,318            UNITARY LOAD 32            110           69             80              94             
73 THAYER ANIMAL DISEASE LABORATORY ACADEMIC/RESEARCH (MINOR) 2,854            UNITARY LOAD 32            90             57             66              78             
74 APIARY LABORATORY ACADEMIC/RESEARCH (MINOR) 2,719            UNITARY LOAD 32            90             57             66              78             
79 ARMY ROTC BUILDING ACADEMIC/RESEARCH (MINOR) 3,533            UNITARY LOAD 32            110           69             80              94             
80 CHAPEL ACADEMIC/RESEARCH (MAJOR) 20,758          UNITARY LOAD 5              100           63             73              86             
81 GOESSMANN LABORATORY (LP) ACADEMIC/RESEARCH (MAJOR) 58,676          METER DATA 53            3,090        1,948        2,258          2,656        
82 GOESSMANN LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 92,741          METER DATA 23            2,170        1,368        1,586          1,866        
83 CLARK HALL ACADEMIC/RESEARCH (MAJOR) 21,592          UNITARY LOAD 36            770           485           562            661           
84 CLARK HALL GREENHOUSE ACADEMIC/RESEARCH (MINOR) 3,605            UNITARY LOAD 32            110           69             80              94             
85 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 47,294          METER DATA 110          5,220        3,290        3,813          4,486        
86 WORCESTER DINING HALL ADDITION ADMIN/SUPPORT (MAJOR) 22,011          METER DATA ---              ---               ---           
87 DRAPER HALL ACADEMIC/RESEARCH (MAJOR) 31,452          METER DATA 34            1,330        838           971            1,142        
88 DRAPER HALL ANNEX ACADEMIC/RESEARCH (MINOR) 8,037            METER DATA ---              ---               ---           
89 EAST EXPERIMENT STATION ACADEMIC/RESEARCH (MINOR) 5,765            UNITARY LOAD 32            180           113           131            154           
91 GUNNESS LABORATORY ACADEMIC/RESEARCH (MAJOR) 21,331          UNITARY LOAD 36            760           479           555            653           
92 MARSTON HALL ACADEMIC/RESEARCH (MAJOR) 63,601          METER DATA 23            1,490        939           1,088          1,280        
93 AGRICULTURAL ENGINEERING BLDG SOUTH (LP) ACADEMIC/RESEARCH (MAJOR) 17,219          UNITARY LOAD 36            610           385           446            525           
AGRICULTURAL ENGINEERING BLDG SOUTH (MP)?ACADEMIC/RESEARCH (MAJOR) UNITARY LOAD 36            ---              ---              ---               ---           
94 AGRICULTURAL ENGINEERING BLDG NORTH ACADEMIC/RESEARCH (MAJOR) 12,546          UNITARY LOAD 36            450           284           329            387           
96 DURFEE RANGE ACADEMIC/RESEARCH (MINOR) 4,931            UNITARY LOAD 32            160           101           117            138           
97 FERNALD HALL ACADEMIC/RESEARCH (MAJOR) 34,243          METER DATA 55            1,890        1,191        1,380          1,624        
100 FLINT LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,133          METER DATA 20            580           366           424            499           
101 CHENOWETH LABORATORY (LP) ACADEMIC/RESEARCH (MAJOR) 11,402          METER DATA 37            420           265           307            361           
104 FRENCH HALL ACADEMIC/RESEARCH (MAJOR) 24,628          UNITARY LOAD 36            870           548           635            747           
TABLE NO. 3-7:  BUILDING HEATING LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING NON- BUILDING BLDG & DIST BOILER
BLDG BUILDING SPACE BLDG LOAD UNITARY COINCIDENT COINCIDENT PEAK OUPUT
NO. NAME UTILIZATION AREA SOURCE LOAD PEAK PEAK LOAD LOAD
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107 BARTLETT HALL ACADEMIC/RESEARCH (MAJOR) 118,002        METER DATA 30            3,490        2,200        2,550          3,000        
111 MACHMER HALL ACADEMIC/RESEARCH (MAJOR) 72,041          METER DATA 22            1,600        1,009        1,170          1,376        
115 MEMORIAL HALL ADMIN/SUPPORT (MAJOR) 19,712          UNITARY LOAD 29            580           366           424            499           
116 MUNSON HALL ADMIN/SUPPORT (MAJOR) 13,180          UNITARY LOAD 29            390           246           285            335           
117 MUNSON HALL ANNEX ACADEMIC/RESEARCH (MINOR) ---             UNITARY LOAD 32            ---              ---              ---               ---           
118 HATCH LABORATORY ACADEMIC/RESEARCH (MINOR) 8,817            UNITARY LOAD 32            280           176           204            240           
120 PAIGE LABORATORY (LP FEED) ACADEMIC/RESEARCH (MAJOR) 29,561          UNITARY LOAD 3              100           63             73              86             
PAIGE LABORATORY (MP FEED) ACADEMIC/RESEARCH (MAJOR) UNITARY LOAD ---              ---              ---               ---           
121 HICKS PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 21,879          METER DATA 34            4,020        2,534        2,937          3,455        
122 HICKS PHYSICAL EDUCATION CAGE ADMIN/SUPPORT (MAJOR) 84,336          METER DATA ---              ---               ---           
576 HICKS PHYSICAL EDUCATION CAGE ADDITION ADMIN/SUPPORT (MAJOR) 12,347          METER DATA ---              ---               ---           
123 TOTMAN PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 113,048        METER DATA 30            3,440        2,168        2,513          2,956        
124 HASBROUCK LABORATORY ACADEMIC/RESEARCH (MAJOR) 32,210          METER DATA 49            1,570        990           1,148          1,351        
125 PHOTOGRAPHY LABORATORY ADMIN/SUPPORT (MINOR) 9,916            UNITARY LOAD 32            310           195           226            266           
127 MORRILL SCIENCE CENTER II (LP FEED) ACADEMIC/RESEARCH (MAJOR) 90,682          METER DATA 7              650           410           475            559           
MORRILL SCIENCE CENTER II (MP FEED) ACADEMIC/RESEARCH (MAJOR) METER DATA 1,190        750           869            1,022        
MORRILL SCIENCE CENTER II (CHILLER) ACADEMIC/RESEARCH (MAJOR) METER DATA 2,210        1,393        1,615          1,900        
128 SKINNER HALL ACADEMIC/RESEARCH (MAJOR) 63,352          METER DATA 40            2,540        1,601        1,856          2,184        
129 SOUTH COLLEGE ACADEMIC/RESEARCH (MAJOR) 31,266          METER DATA 41            1,280        807           935            1,100        
130 STOCKBRIDGE HALL ACADEMIC/RESEARCH (MAJOR) 80,601          METER DATA 42            3,400        2,143        2,484          2,922        
131 STUDENT UNION ADMIN/SUPPORT (MAJOR) 108,291        METER DATA 24            2,650        1,670        1,936          2,278        
132 DICKINSON HALL ACADEMIC/RESEARCH (MAJOR) 29,820          METER DATA 24            720           454           526            619           
135 BOWDITCH HALL ACADEMIC/RESEARCH (MAJOR) 12,396          UNITARY LOAD 36            440           277           321            378           
136 GRINNELL ARENA ACADEMIC/RESEARCH (MINOR) 8,010            UNITARY LOAD 32            250           158           183            215           
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 16,085          UNITARY LOAD 36            570           359           416            489           
168 WEST EXPERIMENT STATION ACADEMIC/RESEARCH (MAJOR) 14,474          UNITARY LOAD 36            510           321           372            438           
169 WILDER HALL ACADEMIC/RESEARCH (MAJOR) 10,252          UNITARY LOAD 36            360           227           263            309           
170 PHYSICAL PLANT BUILDING ADMIN/SUPPORT (MAJOR) 63,815          METER DATA 15            2,410        1,519        1,761          2,072        
398 PHYSICAL PLANT BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 94,350          METER DATA ---              ---               ---           
171 GOODELL BUILDING ADMIN/SUPPORT (MAJOR) 34,047          METER DATA 119          4,040        2,547        2,952          3,473        
172 GOODELL BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 95,230          METER DATA 17            1,660        1,046        1,212          1,426        
290 MORRILL SCIENCE CENTER III (LP FEED) ACADEMIC/RESEARCH (MAJOR) 65,657          METER DATA ---              ---              ---              ---               ---           
MORRILL SCIENCE CENTER III (MP FEED) ACADEMIC/RESEARCH (MAJOR) METER DATA 1,250        788           913            1,074        
508 MORRILL SCIENCE CENTER GREENHOUSE ADD. ACADEMIC/RESEARCH (MINOR) 8,381            METER DATA ---              ---               ---           
291 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 38,734          METER DATA 20            770           485           562            661           
292 COLD STORAGE BUILDING ADMIN/SUPPORT (MAJOR) 18,963          UNITARY LOAD 29            550           347           402            473           
293 ENGINEERING SHOPS BUILDING ACADEMIC/RESEARCH (MAJOR) 44,968          METER DATA 22            980           618           716            842           
294 GORMAN HOUSE RESIDENTIAL 65,930          METER DATA 45            2,950        1,860        2,156          2,536        
295 BRETT HOUSE RESIDENTIAL 51,568          METER DATA 47            2,410        1,519        1,761          2,072        
296 HOLDSWORTH HALL (LP) ACADEMIC/RESEARCH (MAJOR) 64,255          METER DATA 43            2,760        1,740        2,017          2,373        
317 ISENBERG SCHOOL OF MANAGEMENT (LP) ACADEMIC/RESEARCH (MAJOR) 75,429          METER DATA 28            2,090        1,317        1,527          1,796        
318 HASBROUCK LABORATORY ADDITION (LP) ACADEMIC/RESEARCH (MAJOR) 75,761          METER DATA 40            3,000        1,891        2,192          2,579        
HASBROUCK LABORATORY ADDITION (MP) ACADEMIC/RESEARCH (MAJOR) METER DATA 1,590        1,002        1,161          1,366        
319 BOYDEN GYMNASIUM ADMIN/SUPPORT (MAJOR) 208,913        METER DATA 18            3,860        2,433        2,820          3,318        
329 MAHAR AUDITORIUM ACADEMIC/RESEARCH (MINOR) 19,141          UNITARY LOAD 32            610           385           446            525           
330 GRAYSON HOUSE RESIDENTIAL 77,484          METER DATA 26            1,990        1,254        1,454          1,711        
331 DICKINSON HOUSE RESIDENTIAL 77,879          METER DATA 36            2,830        1,784        2,068          2,433        
332 FIELD HOUSE RESIDENTIAL 77,484          METER DATA 25            1,950        1,229        1,425          1,676        
333 WEBSTER HOUSE RESIDENTIAL 77,880          METER DATA 29            2,280        1,437        1,666          1,960        
334 FRANKLIN DINING HALL (LP) ADMIN/SUPPORT (MAJOR) 60,100          METER DATA 60            3,600        2,269        2,630          3,094        
FRANKLIN DINING HALL (MP) ADMIN/SUPPORT (MAJOR) METER DATA ---              ---              ---               ---           
343 MARCUS HALL ACADEMIC/RESEARCH (MAJOR) 67,971          METER DATA 40            2,700        1,702        1,973          2,321        
344 CHENOWETH LABORATORY ADDITION (LP) ACADEMIC/RESEARCH (MAJOR) 47,277          METER DATA 39            1,860        1,172        1,358          1,598        
347 MORRILL SCIENCE CENTER IV (LP) ACADEMIC/RESEARCH (MAJOR) 121,765        METER DATA 26            4,750        2,994        3,470          4,082        
MORRILL SCIENCE CENTER IV (MP) ACADEMIC/RESEARCH (MAJOR) METER DATA 790           498           577            679           
126 MORRILL SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 61,921          METER DATA ---              ---              ---               ---           
348 THOREAU HOUSE RESIDENTIAL 48,157          METER DATA 105          5,070        3,196        3,704          4,358        
349 MELVILLE HOUSE RESIDENTIAL 48,189          METER DATA ---              ---               ---           
350 JAMES HOUSE RESIDENTIAL 48,128          METER DATA ---              ---               ---           
351 EMERSON HOUSE RESIDENTIAL 43,782          METER DATA ---              ---               ---           
352 KENNEDY HOUSE RESIDENTIAL 149,058        METER DATA 26            3,950        2,490        2,886          3,395        
353 COOLIDGE HOUSE RESIDENTIAL 150,560        METER DATA 24            3,620        2,282        2,645          3,112        
354 ADAMS, JOHN HOUSE RESIDENTIAL 149,743        METER DATA 23            3,510        2,213        2,565          3,018        
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355 ADAMS, JOHN Q. HOUSE RESIDENTIAL 149,749        METER DATA 36            5,340        3,366        3,902          4,591        
356 WASHINGTON HOUSE RESIDENTIAL 149,887        METER DATA 23            3,480        2,194        2,543          2,992        
357 HAMPSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 47,311          METER DATA 14            670           422           489            575           
378 PATTERSON HOUSE RESIDENTIAL 92,814          METER DATA 28            4,270        2,692        3,120          3,671        
379 MACKIMMIE HOUSE RESIDENTIAL 60,654          METER DATA ---              ---               ---           
380 CRAMPTON HOUSE RESIDENTIAL 54,081          METER DATA 52            2,790        1,759        2,039          2,399        
381 PRINCE HOUSE RESIDENTIAL 81,283          METER DATA ---              ---               ---           
382 HAMPDEN DINING HALL ADMIN/SUPPORT (MAJOR) 55,829          METER DATA 71            3,990        2,515        2,915          3,429        
387 AGRICULTURAL ENGINEERING BLDG CENTRAL ACADEMIC/RESEARCH (MAJOR) 15,719          UNITARY LOAD 36            560           353           409            481           
388 WHITMORE HALL ADMIN/SUPPORT (MAJOR) 133,227        METER DATA 81            10,770       6,789        7,869          9,258        
397 PHYSICAL PLANT FLAMMABLE STORAGE ADMIN/SUPPORT (MINOR) 2,548            UNITARY LOAD 32            80             50             58              68             
399 BERKSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 74,822          METER DATA 61            4,560        2,874        3,331          3,919        
400 CANCE HOUSE RESIDENTIAL 77,028          METER DATA 23            1,790        1,128        1,307          1,538        
401 PIERPONT HOUSE RESIDENTIAL 85,403          METER DATA 16            1,400        882           1,022          1,202        
402 MOORE HOUSE RESIDENTIAL 59,682          METER DATA 33            1,950        1,229        1,425          1,676        
405 THOMPSON HALL ACADEMIC/RESEARCH (MAJOR) 100,011        METER DATA 42            4,190        2,641        3,061          3,601        
406 HERTER HALL (LP) ACADEMIC/RESEARCH (MAJOR) 124,254        METER DATA 12            1,490        939           1,088          1,280        
HERTER HALL (CHILLER) ACADEMIC/RESEARCH (MAJOR) METER DATA 5,060        3,190        3,698          4,351        
412 LEDERLE GRADUATE RESEARCH CENTER (LP) ACADEMIC/RESEARCH (MAJOR) 312,999        METER DATA 27            12,960       8,169        9,469          11,140      
LEDERLE GRADUATE RESEARCH CENTER (MP) ACADEMIC/RESEARCH (MAJOR) METER DATA 590           372           431            507           
502 LEDERLE GRADUATE RESEARCH CENTER ADD. ACADEMIC/RESEARCH (MAJOR) 174,146        METER DATA ---              ---               ---           
413 LINCOLN CAMPUS CENTER (LP) ADMIN/SUPPORT (MAJOR) 284,799        METER DATA 34            9,720        6,127        7,102          8,355        
LINCOLN CAMPUS CENTER (MP) ADMIN/SUPPORT (MAJOR) METER DATA 2,040        1,286        1,491          1,754        
414 PARKING GARAGE ADMIN/SUPPORT (MAJOR) 401,534        METER DATA 6              2,280        1,437        1,666          1,960        
415 TOBIN HALL ACADEMIC/RESEARCH (MAJOR) 112,624        METER DATA 48            5,360        3,379        3,917          4,608        
417 DUBOIS LIBRARY ACADEMIC/RESEARCH (MAJOR) 449,068        METER DATA 14            6,470        4,078        4,727          5,561        
418 UNIVERSITY HEALTH CENTER ADDITION ADMIN/SUPPORT (MAJOR) 29,628          METER DATA 27            800           504           584            687           
420 FINE ARTS CENTER ACADEMIC/RESEARCH (MAJOR) 223,000        METER DATA 27            6,000        3,782        4,384          5,158        
426 BROWN HOUSE RESIDENTIAL 100,177        METER DATA 25            2,460        1,551        1,798          2,115        
427 CASHIN HOUSE RESIDENTIAL 100,145        METER DATA 23            2,270        1,431        1,659          1,952        
428 MCNAMARA HOUSE RESIDENTIAL 100,177        METER DATA 43            4,270        2,692        3,120          3,671        
604 KNOWLES ENGINEERING BUILDING ACADEMIC/RESEARCH (MAJOR) 39,118          METER DATA 25            980           618           716            842           
613 MULLINS MEMORIAL CENTER ADMIN/SUPPORT (MAJOR) 180,388        UNITARY LOAD 29            5,270        3,322        3,851          4,531        
614 CONTE POLYMER RESEARCH CENTER (LP) ACADEMIC/RESEARCH (MAJOR) 211,102        METER DATA 24            5,000        3,152        3,653          4,298        
CONTE POLYMER RESEARCH CENTER (MP) ACADEMIC/RESEARCH (MAJOR) METER DATA 7,570        4,772        5,531          6,507        
CONTE POLYMER RESEARCH CENTER (MP 2) ACADEMIC/RESEARCH (MAJOR) METER DATA ---              ---               ---           
651 ENGINEERING & COMPUTER SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 79,285          METER DATA 68            5,360        3,379        3,917          4,608        
653 ANIMAL CARE FACILITY (LP) ACADEMIC/RESEARCH (MAJOR) 21,043          UNITARY LOAD 36            750           473           548            645           
ANIMAL CARE FACILITY (MP) ACADEMIC/RESEARCH (MAJOR) 36            ---              ---               ---           
654 ALFOND HALL ACADEMIC/RESEARCH (MAJOR) 52,274          UNITARY LOAD 36            1,860        1,172        1,358          1,598        
657 ENGINEERING LABORATORY II ACADEMIC/RESEARCH (MAJOR) 88,183          METER DATA 71            6,290        3,965        4,596          5,407        
670 NORTH A RESIDENTIAL 94,003          METER DATA 61            5,780        3,643        4,223          4,968        
671 NORTH B RESIDENTIAL 94,003          METER DATA ---              ---               ---           
672 NORTH C RESIDENTIAL 94,003          METER DATA ---              ---               ---           
673 NORTH D RESIDENTIAL 95,149          METER DATA ---              ---               ---           
676 INTEGRATED SCIENCES BUILDING ACADEMIC/RESEARCH (MAJOR) 188,445        METER DATA 59            11,120       7,010        8,125          9,559        
INTEGRATED SCIENCES BUILDING (ABS) ACADEMIC/RESEARCH (MAJOR) METER DATA 13,990       8,819        10,222        12,026      
677 STUDIO ARTS BUILDING ACADEMIC/RESEARCH (MAJOR) 65,671          METER DATA 12            780           492           570            671           
678 RECREATION CENTER ADMIN/SUPPORT (MAJOR) 160,192        METER DATA 18            2,830        1,784        2,068          2,433        
696 GEORGE N. PARKS MARCHING BAND BUILDING ACADEMIC/RESEARCH (MAJOR) 21,747          UNITARY LOAD 36            770           485           562            661           
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 16,085          UNITARY LOAD 36            570           359           416            489           
COM COMMONWEALTH HONORS COLLEGE (LP) ACADEMIC/RESEARCH (MAJOR) 500,000        METER DATA 16            8,160        5,144        5,962          7,014        
COM COMMONWEALTH HONORS COLLEGE (MP) ACADEMIC/RESEARCH (MAJOR) METER DATA 8,000        5,043        5,845          6,876        
TOTAL BUILDING LOAD AND DISTRIBUTION LOSS 10,549,687   --- 33            349,010     220,000     255,000      300,000    
NOTES:1.                     -  NO METERED DATA, BASED UPON UNITARY LOAD
2.  COINCIDENT PEAK DATA TIME: 27 FEB 2014 AT 7:00AM
3.  UNITARY LOADS FOR NON METER BUILDING BASED UPON EXISTING METERED DATA
4.                         BUILDING NOT FULLY OCCUPIED- MINIMAL LOAD
FILE: P:\MD\14\114053A0\MP\CALC\4053-STEAMLOADS.XLSX RMF 9 FEB 2015
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planning by the university the piping considered in poor condition has been prioritized 
for replacement within the next 10 years. 
3.2.8 Steam Distribution Capacity 
Both high pressure steam (HPS) and low pressure steam (LPS) are exported from the 
CHP to the Steam and Condensate Building through two 20 inch steam mains. The 
steam pressures for the HPS and LPS are 200 psig and 17 psig, respectively. Within 
the Steam and Condensate Building, the HPS steam is reduced to medium pressure 
steam (MPS) at a pressure of 87 psig and to LPS. The MPS system serves campus 
process loads and provides backup to the LPS distribution which serves the space 
heating needs of the buildings. A site plan highlighting the MPS system is presented in 
Figure No. 3-8. The MPS piping is in a loop configuration around the center of the 
university to provide reliability in the event a line segment is out-of-service.  
The LPS distribution system is presented in Figure No. 3-9 and is comprised of multiple 
loops. The LPS system is also connected to the MPS through 13 pressure reducing 
stations, which are referred to as “Augmentation Stations.” These Augmentation 
Stations increase the reliability of the distribution network by creating a supplemental 
supply point within the distribution. A schematic of the steam system that identifies the 
pipe configuration, pipe size, manhole location, and the location of the Augmentation 
Stations is presented in Figure No. 3-10.  
The steam lines from the Steam and Condensate Building to the dining facilities and 
dormitories in the southwestern portion of the campus can distribute steam at both the 
medium pressure and low pressure depending on the season. From October to May the 
distribution lines are fed by the medium pressure system and the remainder of the year 
the pipes are supplied from the low pressure system. The system operates at the 
medium pressure during the heating season, because of the potential pressure drop 
from the Steam and Condensate Building to the facilities. There are PRVs outside the 
buildings that reduce the pressure to 17 psig before entering the buildings during the 
winter months. The PRVs outside the buildings are bypassed during the summer 
months.  
A computerized hydraulic model was utilized to simulate the steam-piping network and 
determine the capacity of the existing system. The software utilized was Steam 2000 
developed by KYPipe. The pipe diameter, segment length and roughness factor for 
each pipe, as well as the peak flow requirement for each building were entered into the 
computer model. The building steam flows are based upon the building meter data and 
were adjusted to include the distribution losses and match the total export load of 
255,000 pph. The program balances the flow in the pipe segments through an iterative 
process. The results of the model indicate the flow, velocity, pressure loss for each pipe 
segment and the resulting supply pressure at each building 
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The model was then calibrated by adjusting the pipe roughness factor to match the 
metered node pressures at Bowditch Hall, Cashin House, Engineering Lab II, and 
Studio Arts for peak load conditions. 
A steam schematic showing the calibrated results of the hydraulic analysis is presented 
in Figure No. 3-11.  
The minimum building pressure required at the buildings was established at 12 psig. At 
the existing winter peak campus export load of 255,000 pph (including distribution 
losses), the minimum building pressure in the system is approximately 12.3 psig at the 
Knowles Engineering Building. A maximum velocity criteria of 12,000 feet per minute 
(fpm) was established based upon published recommendations to avoid erosion and 
potential lifting and transporting of water particles. All of the steam flows within all the 
main pipe segments of the system are below the recommended maximum velocity of 
12,000 fpm. 
In the design of the CHP in 2007, it was identified that the capacity of the two 20-inch 
steam lines from the CHP to the Steam and Condensate Building was 350,000 pph 
when operating at 87 psig (MPS). However, under the current configuration one of the 
20-inch lines operates at 17 psig, which reduces the maximum capacity of the line to 
125,000 pph. This limitation corresponds to the design steam flow through the low 
pressure backpressure turbine. The other 20-inch pipe distributes steam at 200 psig 
and has a capacity of approximately 600,000 pph, while maintaining a velocity of less 
than 12,000 fpm. 
Since the distribution is composed of multiple loops and redundant feeds (through the 
Augmentation Stations), multiple outage scenarios were developed and reviewed by the 
university. While, the existing distribution system has adequate capacity to support the 
current peak load scenario; the system redundancy to the southwest and eastern 
portions of campus is limited by radial feeds. Future piping replacements should 
consider improving the distribution reliability in these areas.  
An additional scenario for summer loads was evaluated to verify capacity of the low-
pressure system. In the hydraulic model, the medium pressure system was closed off 
from feeding the low-pressure system. The coincident peak summer loads from the 
meter data were inputted into the hydraulic model and increased incrementally until the 
system was unable to sustain a minimum system pressures above 12 psig. Under these 
conditions the LPS could support a total load of about 82,000 pph without the aid of the 
Augmentation Stations.  
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3.2.9 Summary of the Existing Heating System 
The following is a summary of the key findings from the review of the existing campus 
heating system: 
• The existing boilers are relatively new with at least 30 years of remaining life. 
• The firm capacity of the existing boiler system is 350,000 pph compared to the 
peak steam generation load of 300,000 pph. The existing capacity could support 
up to a 17% heating load increase. 
• The CHP design includes a cost effective cogeneration system that is 80% 
utilized and supplies 65% of the campus steam load. 
• The current natural gas pipeline supply limit results in a $4.7 million additional 
annual cost associated with purchasing more expensive fuels to supplement the 
natural gas pipeline supply.  
• The estimated distribution heat losses are typical for the length of installed 
piping; however, additional metering and continued maintenance programs are 
recommended to validate and potentially improve operations. 
• The existing steam distribution capacity can reliability support the current campus 
steam load. However, the reliability of the piping in the southwest region should 
be improved by installing additional medium pressure steam piping. 
• The existing low pressure system has a capacity of 82,000 pph. 
• Approximately 15% of the distribution piping in is poor condition and the 
university has prioritized this piping for replacement over the next 10 years. 
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3.3 CHILLED WATER SYSTEM 
Of the existing 12 million square feet of campus buildings only 5.6 million square feet 
are air conditioned through building cooling systems. Essentially over half of the 
campus is not air conditioned. The university plans to add air conditioning to some of 
these areas as building renovations occur. 
The areas that have central air conditioning typically utilize a chilled water system that 
circulates cold water to building coils to temper the air. The water is chilled through a 
chiller system either within the building or located in a district chilled water plant. 
3.3.1 Chilled Water Generation 
The UMass campus has a total of 47 major refrigerant units (chillers) with a capacity 
greater than 30 tons of refrigeration. The three general types of refrigeration units on the 
campus are listed below:  
Air-cooled electric chillers: 980 tons (5%) 
Water-cooled electric chillers: 13,230 tons (66%) 
Steam absorption chillers: 5,730 tons (29%) 
Total Capacity 19,940 tons  
 
Air-cooled chillers are self-contained refrigeration units that transfer heat from the space 
to the refrigeration unit using chilled water. Using water as a circulating fluid allows a 
single refrigeration unit to serve multiple areas of a building. Air-cooled chillers are used 
for smaller buildings with loads ranging between 30 and 200 tons. The average life 
expectancy of an air-cooled system is approximately 15 years and the units require a 
significant amount of energy to operate, approximately 50% more than water cooled 
chillers. The campus has a relatively small amount of air-cooled electric chillers.  
Water-cooled chillers also utilize chilled water as a circulating fluid to the cooling coils; 
however, the heat from the chiller is transferred to an atmospheric cooling tower which 
rejects the heat to the environment. Since the cooling tower benefits from the latent heat 
of vaporization, this system is significantly more efficient than the air-cooled units. The 
published (ASHRAE) average life cycle of a water-cooled chiller is approximately 20 to 
25 years. Because these systems have multiple components and therefore a greater 
initial capital investment than air-cooled chillers, they are typically not cost effective for 
small buildings with loads less than 200 tons. However, by grouping multiple buildings 
together a large aggregate load can create an application for the more efficient water-
cooled systems.  
A single-stage absorption chiller utilizes low pressure steam (~15 psig) to generate 
chilled water through an absorption refrigeration cycle. A typical unit requires 
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approximately 20 pounds of steam per hour to generate one ton of refrigeration. The 
condenser water flow rate is approximately four gallons per ton-hour of refrigeration 
(twice the rate of an electric centrifugal unit). Single-stage absorption chillers also 
require approximately two to three times the floor space as an electric centrifugal unit.  
Generally, steam absorption chillers utilize more energy and cost more to operate than 
water-cooled electric chillers. However, when utilized in conjunction with the existing 
cogeneration system; the steam absorption units can have an economic advantage over 
the electric driven units. Therefore, the absorption chiller capacity and operation should 
be optimized based upon the campus cogeneration system operation.  
A site plan indicating the type and location of the existing building air conditioning 
systems for each major facility on the UMass campus is presented in Figure No. 3-12. 
3.3.2 Age of Refrigeration Units 
The refrigeration units were categorized based upon equipment age to assist in 
identifying future replacement intervals. The following is list of the refrigeration capacity 
based upon age: 
>25 years 820 tons  (4%) 
21-25 years: 4,810 tons (24%) 
16-20 years: 120 tons  (1%) 
11-15 years: 2,370 tons (12%) 
6-10 years: 5,300 tons (27%) 
0-5 years: 6,520 tons (33%) 
 
A list of the individual units and their building location is presented in Table No. 3-8. 
Within the next five years, 15 of the 47 chillers (refrigeration units) located on the 
campus will be beyond their average life cycle of 25 years. These units include 3 air-
cooled chillers, 6 absorption chillers and 6 electric centrifugal chillers. When chillers are 
operated beyond their anticipated life cycle, the efficiency continues to degrade, the 
equipment reliability can be compromised and the maintenance and repair costs 
typically increase. 
3.3.3 Maintenance Costs Summary 
The annual maintenance costs for the cooling equipment on the UMass campus were 
estimated based upon published unitary costs from Electric Power Research Institute 
(EPRI). The maintenance costs include parts and labor for annual prescribed routine 
procedures, but do not include unanticipated repairs.  
  

TABLE NO. 3-8:  EXISTING CHILLER SCHEDULE
UNIVERSITY OF MASSACHUSETTS, AMHERST
TOTAL OPER. FIRM
BUILDING CHILLER YEAR MANUFAC. MODEL SERIAL CHILLER REFRIG DESIGN CAPACITY CAPACITY
NAME NO. INSTALLED NO. NO. TYPE TYPE (TONS) (TONS)
INTEGRATED 1 2007 YORK/JCI ST-13F2-46-C-X-C UCSM047975 ABSORBER R-718 1,250 1,250 1,250
SCIENCE 3 2007 YORK/JCI YKM3MSK2-DAGS SLSM685040 ELEC. CENT. R-134A 1,250 1,250 1,250
BUILDING 4 2013 CARRIER 19XRV-5-21229 4111Q21229 ELEC. CENT. R-134A 1,415 1,415 ---
5 2013 YORK/JCI YKPQPRK2-DBGS SCAM-609290 ELEC. CENT. R-134A 1,500 1,500 1,500
TOTAL 5,415 5,415 4,000
POLYMER 1 1990 TRANE CVHE800 L91E03453 ELEC. CENT. R-123 800 650 3 650
SCIENCE CHILLER 2 1990 TRANE CVE080 L91E03454 ELEC. CENT. R-123 800 650 3 650
FACILITY 3 1990 TRANE CVHF910 L06C01042 ELEC. CENT. R-123 910 650 3 ---
HX-LGRC 1990 --- 500
TOTAL 2,510 1,950 1,300
LEDERLE 1 2009 YORK ABSORBER R-718 650 650 ---
GRC 2 1999 YORK YTJ3K3E2-CRG GLDM081072 ELEC. CENT. R-123 450 450 450
CHILLER PLANT 3 2001 YORK YTJ3K3E-CRG GMDM081073 ELEC. CENT. R-123 450 450 450
A/C UNIT 1987 TRANE CVAC032B L84H22104 AIR COOLED R-134 300 300 300
TOTAL 1,850 1,850 1,200
WHITMORE/ W-1 2010 YORK YIA-ST-5C3-46-CC-X-C ABSORBER R-718 400 400 ---
FINE ARTS/ H-1 2006 TRANE ABSC02COLG1E3D3DAETS1 L91M13910 ABSORBER R-718 400 400 400
HERTER H-2 2006 TRANE PCV-1C-C2-D3 8818 ELEC. CENT. R-123 250 250 250
F-1 2003 TRANE CVHE040FA3LOP L02C04846 ELEC. CENT. R-123 250 250 250
F-2 2003 TRANE CVHE040FA3LOP L02C04846 ELEC. CENT. R-123 250 250 250
TOTAL 1,550 1,550 1,150
MULLINS 1 1993 ABSORBER 650 650 ---
CENTER 2 1993 ELEC. CENT. 650 650 650
TOTAL 1,300 1,300 650
COMMONWEALTH 1 2013 YORK ELEC. CENT. 400 400 ---
HONORS COLLEGE 2 2013 YORK ELEC. CENT. 400 400 400
TOTAL 800 800 400
RECREATION 1 2009 MCQUAY ELEC. CENT. 170 170 ---
CENTER 2 2009 MCQUAY ELEC. CENT. 170 170 170
TOTAL 340 340 170
THOMPSON HIGH 1 1968 TRANE BIH-3 2192 ABSORBER R-718 154 154 ---
RISE CHILLER PLT 2 1968 TRANE BIH-3 2192 ABSORBER R-718 154 154 154
3 2005 TRANE CVHE320 L05B00875 ELEC. CENT. R-123 150 150 150
TOTAL 458 458 304
TOBIN HALL 1 2005 TRANECVHE050FAYBOPCL2186Q9E6NBCL050B0081 ELEC. CENT. R-123 500 500 ---
AND CENTRAL 2 2005 TRANE ABSD050GJRO A38990A ABSORBER R-718 500 500 500
 ANIMAL FACILITY 3 1998 MCQUAY ALS125AS27 58K8138601 AIR COOLED R-22 100 100 100
TOTAL (W/O AIR COOLED UNIT) 1,100 1,000 500
TABLE NO. 3-8:  EXISTING CHILLER SCHEDULE
UNIVERSITY OF MASSACHUSETTS, AMHERST
TOTAL OPER. FIRM
BUILDING CHILLER YEAR MANUFAC. MODEL SERIAL CHILLER REFRIG DESIGN CAPACITY CAPACITY
NAME NO. INSTALLED NO. NO. TYPE TYPE (TONS) (TONS)
CAMPUS CENTER 1 2010 YORK YIA-ST-7D1-46-C-X-C ABSORBER R-718 520 520 ---
2 2010 YORK YKFSFTQ7-CPGS ELEC. CENT. R-134A 500 500 500
TOTAL 1,020 1,020 500
KNOWLES 1 1991 MCQUAY PEH050 5VH0100300 ELEC. CENT. R-12 100 100 ---
ENGINEERING 2 1991 MCQUAY PEH050 5VH0100400 ELEC. CENT. R-12 100 100 100
BUILDING TOTAL 200 200 100
UNIVERSITY 1 1999 YORK YTK3C4E2-CNHS GDFM064340 ELEC. CENT. R-123 500 500 ---
LIBRARY 2 1999 YORK (19DG-365/YDTL-108) -711516277 ELEC. CENT. R-123 365 365 365
TOTAL 865 865 365
BARTLETT HALL 1 2000 CARRIER 39NXS11-N-70557 289ST70557 AIR COOLED R-22 50 50 50
GOODELL BLDG 1 1992 CARRIER 16JB036-604 B2-92257 ABSORBER R-718 370 370 370
ALFOND HALL 1 2002 TRANE CVHE00FA3J03U32138V7E8QBC LO1J10646 ELEC. CENT. R-123 400 400 400
GOESSMAN LAB 1 1995 TRANE CGWCD101RHNKK623ACFG U92J01159 AIR COOLED 30 30 30
2 1996 TRANE RTAA0904XH01A3D1BHK AIR COOLED R-22 90 90 90
MAHAR AUDIT. 1 2000 TRANE CGAEC604ACA1CDGRT J97D81381 AIR COOLED 60 60 60
BERKSHIRE DINING 1 1991 TRANE ABSC02AOLH1C3E3DADES1 L91FO3773 ABSORBER R-718 200 200 200
FRANKLIN DINING 1 1985 TRANE CVAC016 C85E28326 AIR COOLED R-22 160 160 160
HAMPDEN DINING 1 2010 YORK YLAA0156HE46 AIR COOLED R-410 142 142 142
HAMPSHIRE DINING 1 2013 YORK ABSORBER R-718 250 250 250
HASBROUCK LAB 1 1991 A2D 1319 ABSORBER R-718 230 230 230
OLD GOESMANN LAB 1 TRANE CGADC40GABA0GRTW J89J81629 AIR COOLED R-22 50 50 50
NORTH DORM 1 2006 ELEC. CENT. 123 500 500 500
INDIVIDIUAL TOTAL 2,532 2,532 2,532
CAMPUS TOTAL 19,940 19,280 13,171
NOTE:     1. CHILLER INFORMATION FOR INTEGRATED SCIENCE BASED UPON 2013 REPORT AND FIELD WORK
2. CHILLER INFORMATION FOR POLYMER SCIENCE FACILITY BASED UPON 2013 REPORT AND FIELD WORK
3.  CHILLER NOS. 1, 2, 3 IN PSCF IS LIMITED TO 650 TONS BASED UPON THE CONDENSER WATER PUMP CAPACITY AND PUMPING (1,950 GPM)
4.           - LARGEST CHILLER UNIT IN CHILLED WATER DISTRICT
4.           - REPLACEMENT 250 TON UNIT IN DESIGN (CURRENTLY ON HOLD)
FILE: P:\MD\14\114053A0\MP\CALC\4053-EQUIPMENT-SUM.XLSX
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These costs will be utilized for an economic analysis of various chiller system options. 
The Clean Air Act Amendments of 1990 required the phase out of certain types of chiller 
refrigerants, chlorofluorocarbons (CFCs) and hydro chlorofluorocarbons (HCFCs). The 
schedule is summarized in Table No. 3-9 below.  
Table No. 3-9: Chiller Refrigerant Phase Out Summary 
  
Refrigerants No new chiller 
manufactured Total phase out 
CFC R-11, R-12 1996 Until supplies 
are exhausted 
HCFC R-22 2010 2020 
HCFC R-123 2020 2030 
 
The UMass campus currently maintains two chiller units (at Knowles Engineering 
Building) that utilize CFC refrigerants and four chiller units (at Bartlett Hall, Franklin 
Dining Hall, and two at Goessman Laboratory) that utilize HCFC refrigerants. 
3.3.4 District Chilled Water Summary 
For reliability and enhanced efficiency, the majority of the buildings are connected to 
individual district cooling systems referred to as chilled water districts. Each district 
includes water-cooled chillers with distribution piping to supply chilled water to each 
building connected. The six chilled water districts are: 
• Integrated Sciences Building (ISB) 
• Conte Polymer Research Center (Polymer) 
• Lederle Graduate Research Center (LGRC) 
• Fine Arts Center / Herter Hall / Whitmore Hall 
• Mullins Memorial Center 
• Honors College 
The chilled water districts allow the university to increase reliability by maintaining a 
standby chiller unit. As the university continues the current approach of maintaining and 
expanding district cooling, a reliability goal that incorporates a standby chiller for serving 
research and academic facilities has been established. For individual building chiller 
systems that do not serve lab or research areas a full standby chiller is typically not 
included because of the additional space needed and associated cost. Therefore a 
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significant advantage of the district cooling system is the shared reliability of a standby 
chiller. 
The individual building loads for each district were developed in one of following three 
ways: 
• Loads were developed in previous study 
• Loads were based upon existing meter data 
• Loads were based upon unitary load factors, space utilization, and 
building areas 
Two districts (ISB and Polymer) chilled water studies were completed recently by the 
university. The building loads in the studies and meter data were compared to unitary 
load factors to ensure the accuracy.  
3.3.4.1 Integrated Sciences Building (ISB) District 
The chillers for the ISB district are located in a portion of the Integrated Science Building 
that was design specifically as a chiller plant. The plant consists of four units, three 
electric centrifugal chillers and one absorption chiller. The chillers were installed in 2007 
and 2013. The type, age, and capacity of the plant’s chillers are summarized in Table 
No. 3-10 below. 
Table No. 3-10: ISB Chiller Plant Equipment Summary 
Chiller 
No. 
Chiller 
Type 
Year 
Installed 
Total 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
1 Absorber 2007 1,250 1,250 
3 Electric 2007 1,250 1,250 
4 Electric 2013 1,415 1,415 
5 Electric 2013 1,500 --- 
Total --- --- 5,415 3,915 
  Note: Firm capacity is the total capacity without the largest unit 
The plant was has an open bay to house an additional future chiller unit. 
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The ISB chiller Plant currently distributes chilled water to the building complexes 
summarized in Table No. 3-11 below. 
Table No. 3-11: ISB District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
ISB 188,445 250 750 560 
Morrill Complex 340,025 250 1,360 1,020 
Skinner Hall 63,352 350 180 140 
Studio Arts Building 65,671 350 190 140 
Hasbrouck Laboratory4 32,210 --- 30 20 
Hasbrouck Lab Addition4 75,761 --- 40 30 
Life Science Laboratories 395,260 250 1,600 1,200 
Total Load 1,160,724 260 4,150 3,110 
Chiller Plant Firm Capacity 3,915 
Difference 805 
Notes: 1. All building loads except Hasbrouck Laboratory and Hasbrouck Lab 
Addition were based upon unitary load estimates. 
2. The Coincident Plant Load is based upon an estimated diversity factor 
of 0.75. 
3. All loads are rounded.  
4. Hasbrouck Lab and Addition are not fully connected. Loads are based 
upon a 50 ton load estimate provided by the university.  
The coincident plant load includes a diversity factor of 0.75 and accounts for the varying 
load profiles of the buildings. The portions of the Hasbrouck Laboratory, Hasbrouck 
Laboratory Addition, and Life Science Laboratories were recently added to the system 
and historical meter data was not available for these buildings. However, meter data for 
the ISB, Morrill Complex, Skinner Hall and Studio Arts Building was available and used 
to validate the unitary design and diversity factor. In addition these load estimates also 
compare closely to the data in a recent chilled water study for the ISB District completed 
by the university.  
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Comparing the existing peak load (3,110 tons) to the plant’s firm capacity (3,915 tons), 
the plant can support an additional 805 tons of load increase.  
3.3.4.2 Conte Polymer Research Center (Polymer) 
The chillers for the Polymer district are located in a standalone building adjacent to 
Engineering Lab II Building. The chiller equipment is summarized in Table No. 3-12 
below. 
Table No. 3-12: Polymer Chiller Plant Equipment Summary 
Chiller 
No. 
Chiller 
Type 
Year 
Installed 
Total 
Design 
Capacity 
(tons) 
Operating 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
1 Electric 1990 800 6501 650 
2 Electric 1990 800 6501 650 
3 Electric 1990 910 6501 --- 
Total --- --- 2,510 1,950 1,8002 
Notes: 1. The cooling tower and condenser water system can support a 
maximum of 1,950 tons of chiller capacity. This limits the total output 
of the plant to 1,950 of water cooled units or 650 tons per unit.  
 2. Firm capacity is the total capacity without the largest unit and the 
removal of the LGRC /Polymer heat exchanger 
The plant also contains a heat exchanger that allows for chilled water load (~ 500 tons) 
to be shifted from the Polymer district to LGRC district. If the heat exchanger is removed 
to allow the LGRC and Polymer districts to share chillers, the firm capacity of the plant 
is increased by 500 tons. A more detailed discussion is completed in the following 
section of the report. The chillers were installed in 1990 and have been in service for 
24-years and should be budgeted to be replaced in the next few years. The existing 
plant building has no space for additional chillers. 
The cooling loads for the individual buildings were developed from a recent chilled water 
study for the Polymer District by the university and confirmed by existing meter data. 
The previous study included only three buildings: Polymer, Engineering & Computer 
and Engineering Lab II. Since, that study the Knowles Engineering Building and portions 
of the Goessman Laboratory and Addition, and Paige have been added. These 
buildings are not currently metered for chilled water, so the loads were estimated based 
upon a unitary design load. The development of the building cooling loads and the 
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comparison of the coincident plant load to the firm chiller capacity are presented in 
Table No. 3-13 below. 
Table No. 3-13: Polymer District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
Polymer 211,102 213 9901 800 
Engineering & Computer 79,285 250 3202 260 
Engineering Lab II 88,183 180 5001 400 
Knowles Engineering 39,118 250 1602 130 
Paige 29,561 250 1202 100 
Goessman & Addition 151,417 --- 1503 120 
Total Load 598,666 267 2,240 1,810 
Chiller Plant Firm Capacity (W/ interconnection) 1,800 
Difference --- 
Notes: 1. Based upon building meter data.  
2. Based upon unitary load estimate. 
3. Only approximately 25% of the building systems are connected to the 
Polymer District 
4. The Coincident Plant Load is based upon an estimated diversity factor 
of 0.80.  
5. All loads are rounded. 
The diversity factor applied for the Polymer District is higher than the ISB District, 
because there are fewer systems within the Polymer District resulting in less variance in 
peak load occurrence.  
3.3.4.3 Lederle Graduate Research Center (LGRC) 
The chillers for the LGRC district are located within the LGRC building. The plant 
consists of two electric centrifugal chillers and one absorption chiller. The district is also 
interconnected to the Polymer district via a 500 ton heat exchanger located in the 
Polymer Plant. Table No. 3-14 below is a summary of the chiller type, age, and 
capacity. 
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Table No. 3-14: LGRC Chiller Plant Equipment Summary 
Chiller 
No. 
Chiller 
Type 
Year 
Installed 
Total 
Design 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
1 Absorber 2009 650 --- 
2 Electric 1999 450 450 
3 Electric 2001 450 450 
A/C Air-cooled 1990 300 300 
Total --- --- 1,850 1,200 
  Note: Firm capacity is the total capacity without the largest unit 
The LGRC Chiller Plant currently distributes chilled water to the following three 
buildings: 
• Lederle Graduate Research Center  
• Lederle Graduate Research Center Addition  
• Marcus Hall  
The original fluid for the LGRC district was ethylene glycol, but currently the system 
operates on water and all of the ethylene glycol has been removed from the system. 
The heat exchanger within the Polymer Plant was utilized to isolate the glycol system 
from the chilled water system utilized in Polymer. Now that both systems utilize chilled 
water, it is recommended that the heat exchanger be removed. The firm capacity for 
each plant would be increased an additional 500 tons. This would also allow for the 
absorption chiller operation to more easily be dispatched to support the cogeneration 
system. To ensure the operation of the system, the capacity of the secondary pumps 
need to be verified. 
The university only records the tonnage for the LGRC chiller plant and the peak load 
recorded at the plant was 1,800 tons. That recorded load is beyond the total capacity of 
the chillers and considered suspect. Instead a unitary load of factor of 250 gsf/ton was 
utilized and the peak load was set to equal the total chiller capacity for the district 
system using a diversity factor of 0.70. Table No. 3-15 below summarizes the cooling 
loads in the LGRC District. 
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Table No. 3-15: LGRC District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
LGRC 312,999 250 1,250 870 
LGRC Addition 174,146 250 700 490 
Marcus Hall 67,971 250 270 180 
Total Load 555,166 250 2,220 1,540 
Chiller Plant Firm Capacity (W/ interconnection) 1,700 
Difference 160 
 
If the two plants are not interconnected, the estimated peak load of the district is beyond 
the firm capacity. However, with the removal of the existing heat exchanger the firm 
capacity is greater than the estimated peak load. 
3.3.4.4 Fine Arts Center / Herter Hall / Whitmore Hall (Whitmore) 
The Whitmore District Cooling System consists of interconnected chillers located in 
each of the buildings. There are two units located in the Herter Hall and Fine Arts 
Center, and one unit in Whitmore. Two of the five units are steam absorption chillers. 
Table No. 3-16 is a summary of the chiller location, type, age, and capacity. 
Table No. 3-16: Whitmore District Chiller Summary 
Chiller 
No. Location 
Chiller 
Type 
Year 
Installed 
Total 
Design 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
W-1 Whitmore Absorber 2010 400 --- 
H-1 Herter Hall Absorber 2006 400 400 
H-2  Electric 2006 250 250 
F-1 Fine Arts Center Electric 2003 250 250 
F-1  Electric 2003 250 250 
Total --- --- --- 1,550 1,150 
  Note: Firm capacity is the total capacity without the largest unit 
3-47 
 
The chilled water meter data for Fine Arts and Whitmore Hall, was utilized to assist in 
estimating the building loads. The recorded peak load for the Fine Arts Center 
corresponded to a unitary load of 250 gsf/ton, which is consistent with campus 
estimates. The Whitmore Hall load corresponded to a unitary load of 694 gsf/ton, which 
is significantly higher than typical estimates even for the administrative and support 
facilities. For this scenario, the meter data was used for Whitmore Hall, though if this 
district is expanded any further in the future, an investigation is warranted. A unitary 
design load was utilized to calculate the building load for Herter Hall. The university has 
indicated that all chillers except one 400 ton unit operate during peak load periods. This 
correlates to a peak plant load of approximately 1,150 tons. Table No. 3-17 is a 
summary of the estimated design building loads and peak plant load. 
Table No. 3-17: Whitmore District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
Fine Arts Center 223,000 250 9921 710 
Herter Hall 124,254 300 4142 300 
Whitmore Hall 133,127 694 1921 140 
Total Load 480,481 300 1,598 1,1503 
Chiller Plant Firm Capacity 1,150 
Difference --- 
Notes: 1. Based upon building meter data.  
2. Based upon unitary load estimate. 
3. The Coincident Plant Load is based upon an estimated diversity factor 
of 0.71 based upon reported chiller operation during peak periods.  
4. All loads are rounded. 
Additional chiller capacity would be required if additional load is added to this district. 
3.3.4.5 Mullins Memorial Center (Mullins) 
The Mullins District consists of a plant located within Mullins Memorial Center that 
distributes chilled water to Mullins and the Physical Plant Building. Mullins also has a 
separate cooling system that generates ice for the rink, which is not included in this 
analysis. There are two units that were installed in 1993 located within Mullins Center. 
One of the units is an absorber and other is an electric centrifugal chiller. The two 
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chillers have been in service for 21-years and should be budgeted to be replaced in the 
next five years. Table No. 3-18 is a summary of the chiller location, type, age, and 
capacity for the Mullins District. 
Table No. 3-18: Mullins District Chiller Summary 
Chiller 
No. 
Chiller 
Type 
Year 
Installed 
Total 
Design 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
1 Absorber 1993 650 --- 
2 Electric 1993 650 650 
Total --- --- 1,300  650 
  Note: Firm capacity is the total capacity without the largest unit 
The Physical Plant Building meters the chilled water consumption which was utilized to 
estimate the building cooling needs. A unitary load factor was utilized to calculate the 
non-coincident peak load for Mullins Memorial Center. The university has identified that 
only half of the building at Mullins is currently air-conditioned. Since, there are only two 
buildings on this system, no diversity factor was applied. Table No. 3-19 is a summary 
of the peak loads based upon the meter data and assumed unitary factor: 
Table No. 3-19: Existing Mullins District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
Mullins Memorial 
Center 180,388 300 300
1,2
 300 
Physical Plant Building 63,815 425 150 150 
Total Load 244,203 325 450 4503 
Chiller Plant Firm Capacity 650 
Difference 200 
Notes: 1. Based upon unitary design load.  
2. Based upon metered data and accounts for only 50% of the building. 
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3. Because of the relative small size of the district no diversity factor was 
applied.  
4. All loads are rounded. 
There is 200 tons of additional reliable capacity available to support future load growth. 
3.3.4.6 Honors College 
The Honors College was constructed in 2013. The two chillers installed in Honors 
College are interconnected with the three chillers located in Tobin Hall. There are three 
electric centrifugal units, one absorption unit, and one air-cooled chiller. Table No. 3-20 
is a summary of the chiller location, type, age, and capacity. 
Table No. 3-20: Honors District Chiller Summary 
Chiller 
No. 
Chiller 
Location 
Chiller 
Type 
Year 
Installed 
Total 
Design 
Capacity 
(tons) 
Firm 
Capacity 
(tons) 
H-1 Oak House Electric 2013 400 400 
H-2  Electric 2013 400 400 
T-1 Tobin Electric 2005 500 --- 
T-2  Absorber 2005 500 500 
T-3  Air-Cooled 1998 100 100 
Total --- --- --- 1,900  1,400 
  Note: Firm capacity is the total capacity without the largest unit 
Honors College complex is comprised of seven individual buildings for a total area of 
490,000 gsf. Each of the individual units has its own chilled water meter, but the 
buildings have not been fully occupied during a peak cooling period. The recorded peak 
since construction for the complex is approximately 902 tons which corresponds to a 
unitary load of 544 gsf/ton. Tobin is not currently metered, so unitary loads were utilized 
for both Honors College complex and Tobin Hall. An estimated diversity factor of 0.80 
was utilized. Table No. 3-21 below is a summary of the peak loads based upon the 
assumed unitary factor. 
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Table No. 3-21: Honors District Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Unitary 
Design 
Load 
(gsf/ton) 
Building 
Design 
Load 
(tons) 
Coincident 
Plant Load 
(tons) 
Honors College Complex 490,477 400 1,2301 980 
Tobin Hall 112,624 250 4501 360 
Total Load 603,101 375 1,680 1,3402 
Chiller Plant Firm Capacity 1,400 
Difference 60 
Notes: 1. Based upon unitary design load.  
2. Coincident Plant Load is based upon an estimated diversity factor of 
0.80.  
3. All loads are rounded. 
There is 60 tons of additional reliable capacity to support future load growth. As meter 
data becomes available for peak cooling periods the unitary load factors and diversity 
factor assumptions should be reviewed. 
3.3.4.7 Individual Systems 
The remainder of the buildings with air conditioning systems utilizes individual units. Of 
the 19 buildings only 8 have chilled water meters installed. Table No. 3-22 below is a 
summary of the peak loads for the buildings with chilled water meters compared to the 
total and firm capacity: 
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Table No. 3-22: Individual System Cooling Load Summary 
Building 
Name 
Building 
Area 
(gsf) 
Peak 
Load 
(tons) 
Unitary 
Load 
(gsf/ton) 
Total 
Chiller 
Capacity 
(tons) 
Firm 
Chiller 
Capacity 
(tons) 
Isenberg School 75,429 299 252 400 --- 
Franklin Dining Hall 60,100 159 378 160 --- 
Hampshire Dining Hall 47,311 168 282 250 --- 
Hampden Dining Hall 55,829 142 393 360 --- 
Berkshire Dining Hall 74,822 200 374 200 --- 
Lincoln Campus Center 284,799 554 514 1,020 500 
Dubois Library 449,068 811 554 865 365 
Recreation Center 160,192 289 554 340 170 
Total 1,207,550 2,622 460 3,595 1,035 
 
The majority of the existing individual buildings do not have spare chiller capacity and 
none of the facilities have a full standby chiller.  
The cooling loads for buildings without chilled water meters were developed based upon 
unitary loads. If the estimated building load was greater than the chiller capacity, then 
the building load was adjusted to be equal to the chiller capacity. 
3.3.5 Chilled Water Distribution 
For each of the districts, a computerized hydraulic model was developed using software 
designed by the Engineered Software Company, called Pipe-Flo 2011. The pipe 
diameter, segment length, and roughness factor for each pipe as well as the peak flow 
demand for each building were entered into the computer model. The results of the 
model indicate the flow, velocity, and pressure loss for each pipe segment, as well as 
the total distribution and building pressure loss for each facility. Friction losses are 
calculated in the program using the Hazen Williams formula: 
  
  
3-52 
 
hf = 0.002083 x L x (100 / C )1.85 x (gpm1.85 / D4.8655) 
  hf = head loss due to friction (feet)  
  L = length of pipe (feet) 
  C = roughness factor 
  D = pipe inside diameter (inches) 
  gpm = flow (gallons per minute) 
 
The results of the modeling include the balanced flow in each pipe segment, piping 
velocities, and pressures at each building. The model was utilized to determine the 
existing capacity of the distribution system by comparing the estimated pressure drop 
and velocity to typical industry standards. The maximum pipe velocities in a chilled 
water system utilizing welded steel pipe are within a range of 10 to 12 feet per second 
(fps) for the main distribution piping. Short occurrences (less than 100 hours per year) 
at higher velocities such as 14 fps can be sustained without warranting major piping 
modifications. Based upon the results of the hydraulic modeling, there are no pipe 
velocity concerns within the existing distribution systems. 
3.3.6 Absorption Chiller Optimization 
To optimize the combustion turbine operation, the summer steam load should be 
maintained above the unfired steam rate (40,000 pph). To maintain the operation of the 
back pressure turbines and not operate an additional boiler the summer steam loads 
should be maintained at 100,000 pph. There are currently 13 steam absorption chillers 
installed throughout the campus. The total chilled water that can be generated by these 
chillers is 5,730 tons. Assuming a chiller efficiency of 20 pph/ton, the peak steam 
demand by the existing absorption chillers could be 114,600 pph.  
There are two ways the absorption chillers can operate on the UMass campus. The first 
operating scenario is where there is only one absorption chiller located in a building and 
the chiller will operate at the capacity necessary to meet the building cooling load. 
Under this scenario the university has no control over the chiller timing and operation. 
The second operating scenario is a “dispatchable” operation; this is when the chiller can 
be brought on or off depending on the needs of the campus. These chillers are located 
within district plants or buildings with multiple units. There are 8 units with a capacity of 
2,580 tons that need to follow the building load and 5 units with a capacity of 3,150 tons 
of chillers that can be dispatched when required, and 4 units with a capacity of 740 tons 
to be removed within the next year. 
Of the 13 chiller units only 3 chillers have dedicated steam meters. The remainder of the 
units’ steam consumption is incorporated within the steam meter data for both the 
3-53 
 
building and chiller. A review of the annual load profile for each building was completed 
to determine if the buildings require steam for hot water use during the summer.  
The average hourly steam load for shoulder months (May, June, Sept, and October) 
and the corresponding chiller operation with the chiller required to operate is 
summarized in Figure No. 3-13. The operation of approximately 60% of the 
dispatchable chillers is required to have the CHP generate 100,000 pph throughout the 
entire summer. The current system has adequate chiller capacity to maintain a boiler 
operation of 100,000 pph.  
The university moving forward should maintain the same steam driven chiller capacity 
(~ 5,000 tons). All steam driven chiller should be dispatchable (located at the district 
plants). 
3.3.7 Current Plant Energy Consumption 
Table No. 3-23 below is a summary of the districts that are currently metering the 
electric and steam consumed by the chillers: 
Table No. 3-23: Chilled Water Meter Data Summary 
District Name 
Steam Meter 
(Y/N) 
Electric 
(Y/N) 
Chilled 
water 
generated 
Metered 
(Y/N) 
Total Building 
Consumption 
Meter 
(Y/N) 
ISB Y Y N Y 
Polymer n/a Y N N 
LGRC N N Y N 
Whitmore Y (Herter Only) N N 
Y 
(2 of 3) 
Mullins N Y N N 
Honors College n/a N N Y 
An estimate for the energy consumption for each district was developed based upon the 
available meter data, estimated chiller efficiencies, estimated hours of operation, and 
estimated loads. As plants are renovated or expanded, complete metering of energy 
use and chiller output should be implemented. 
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FIGURE NO. 3-13:  STEAM LOAD PROFILE
ABSORPTION CHILLER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
DISCPATCHABLE ABSOPTION CHILLER
ABSORPTION CHILLER LOAD FOLLOWING
EXISTING STEAM LOAD W/O ABS
NOTE: EXISTING (2014) OPERATION - AVERAGE WEEK DURING SHOULDER MONTHS (MAY,  JUN, SEP, OCT)
MAXIMUMM ABSORPTION CHILLER OUTPUT ~2,600 TON
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The estimated annual chilled water production, electric, and steam consumption for 
each district are summarized in Table No. 3-24 below. 
Table No. 3-24: Chilled Water Meter Data Summary 
District Name 
Total 
Chilled 
Water 
Produced 
(ton-hrs) 
Electric 
Consumed 
(kWh) 
Steam 
Consumed 
(Mlbs) 
Total 
Energy 
Costs 
($/yr) 
ISB 5,220,000 3,690,000 29,600 690,000 
Polymer 2,832,000 2,690,000 --- 363,000 
LGRC 2,772,000 1,820,000 20,900 377,000 
Whitmore 1,150,000 610,000 16,000 250,000 
Mullins 450,000 270,000 4,100 62,000 
Honors College 1,340,000 1,005,000 --- 134,000 
Total 13,764,000 10,085,000 70,600 1,876,000 
Electric chillers: 0.95 kW/ton  
Absorption chillers: 20 pph/ton and 0.35 kW/ton  
Based upon recent industry trends potential energy reductions can be achieved by 
implementing the following: 
• Conversion of 3-way to 2-way control valves 
• Installation of free cooling heat exchanger within the Polymer Plant 
• Operation of the free cooling heat exchangers within the ISB and LGRC plants 
• Installation of variable frequency drives (VFD) on chillers and pumps. As 
previously identify, approximately 28% chiller capacity is beyond 20 years in 
age. When the chillers are scheduled to be replaced the installations of VFD 
should be considered. 
• Optimize the staging of existing chillers 
The potential energy savings for these changes can be approximately 20% - 30% with a 
potential cost savings of $520,000. A 30% reduction in central chilled water energy 
results in a 0.5% reduction in total campus energy reduction. 
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3.3.8 Chilled Water Summary 
The following is a summary of the existing chilled water system: 
• Slightly less than half the campus area is air conditioned. Future renovations 
which add air conditioning to existing facilities will significantly impact chiller 
capacity and electric service. 
• In the next five years, approximately 30% of the chillers are going to be beyond 
25-years in service life and should be budgeted to be replaced. Six of the chillers 
utilize either CFC or HCFCs. 
• Two of the six districts have additional reliable capacity to support future growth 
• The chilled water distribution systems are adequately sized to support the 
existing system loads. 
• Only 5% of the existing major chiller systems are air-cooled units which are 
typically the least efficient electric driven chillers. 
• The majority of the district chiller plants do not include variable speed drives for 
the electric chillers, pumps and cooling towers. Plant optimization and upgrades 
should be considered when chiller plant projects occur in the future. 
• The university should maintain a minimum absorption chiller capacity of 5,000 
tons (located at the district plants) to allow the university to select the optimum 
system to operate to maximize the cogeneration system. The chillers should be 
easily dispatched to maintain optimum steam loading. Currently, there is no 
additional absorption chillers required to maintain the 5,000 tons. 
• Additional chilled water metering is recommended at each plant to trend hourly 
plant output and energy use. 
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3.4 EXISTING ELECTRICAL SYSTEM 
The university maintains a central electric distribution system that supplies over 90% of 
the campus electric needs. The buildings not connected to the central system have 
dedicated services from the local utility company. A site plan indicating which buildings 
are connected to the main distribution system and which buildings have individual 
services is presented in Figure No. 3-14. 
3.4.1 Incoming Electric Services (WMECO) 
There are two switch stations which supply electricity to the majority of the campus. The 
West Switch Station is located inside the CHP and the East Switch Station is located 
across the campus in the parking lot adjacent to the Field House. A site plan indicating 
the location of the switch stations and which buildings are connected to the main 
electrical distribution system is presented in Figure No. 3-15.  
Western Massachusetts Electric Company (WMECO) supplies the two Switch Stations 
with a total of four feeders. The East Switch Station is served by two feeders with a 
normal capacity of 5 megawatts (MW) and 8 MW. The West Switch Station is served by 
two feeders with a normal capacity of 14.3 MW each. The two switch stations are 
interconnected by a pair of tie feeders to allow a back-up supply: the combined transfer 
capacity of the two ties is 7.2 MW. Table No. 3-25 is a summary of the available electric 
capacity under two different outage scenarios: 
Table No. 3-25: Electric Feeder Outage Capacity Summary 
Description 
Total 
Capacity 
(MW) 
West 
Switch 
Feeder 
Outage 
(MW) 
East 
Switch 
Feeder 
Outage 
(MW) 
Feeder 18G1 14.3 --- 14.3 
Feeder 18G2 14.3 14.3 14.3 
Total West Switch Station 28.6 14.3 28.6 
Feeder 17K3 5.0 5.0 5.0 
Feeder 17K7 8.0 8.0 --- 
Total East Switch Station 13.0 13.0 5.0 
Total 41.6 27.3 33.6 
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The firm capacity of the electrical system is 27.3 MW set by the potential outage of a 
feeder serving the west switch station. The university does not include the existing 
cogeneration system in the firm capacity calculation, because the availability and 
reliability are significantly less than a utility feeder.  
The university is currently designing a new high voltage substation that will allow the 
two existing switch stations to more easily transfer loads. 
3.4.2 Electric Loads 
The university meters both the electrical power generated by the CHP and the load 
distributed by each incoming utility feeder on an hourly basis. The total of the electric 
generated and the electric power supply by the utility represents the total electric 
demand required for the campus. A graph of the hourly utility electric consumption and 
the electrical power generated is presented in Figure No. 3-16. The university identified 
the peak load for the campus as 26 MW which occurred during September 2013. 
Unfortunately, the majority of the meter data during September is not available. The 
peak load is slightly below the firm capacity of the two switch stations. 
3.4.3 Campus Distribution Feeders 
The university campus electrical distribution system consists of radial 13.8 kV feeder 
pairs, with each feeder in the pair served from a separate switch station bus. All building 
substations can be served by either of the two feeders. This arrangement provides 
immediate backup, which enables quick restoration of service in the event of an outage 
of one feeder, and provides flexibility for maintenance work. As an additional back up, 
each building can be supplied power from either the East or West Switch Station.  
However, only the West Switch Station is connected to the power generation located in 
the CHP. The buildings that are not normally supplied power from the West Switch 
Station are not backed-up by the CHP.  
There are ten campus feeders emanating from both the East and West Switch Stations 
(including the cross connect). The feeders are either 350 kcmil or 500 kcmil copper 
cable routed in underground duct banks and manholes. The feeders that initially start as 
500 kcmil are reduced to 350 kcmil after the first building that is connected. The 350 
kcmil feeders have a firm capacity of 5,900 kW (firm capacity is the loss of one of the 
two feeders). The single line diagram of the UMass distribution system and switch 
station configuration is presented in Figure No. 3-17.  
3.4.4 Building Loads 
There are 181 buildings that have electric meters and 30 campus buildings that do not. 
However, the building area of the 151 buildings represents 97% of the building area 
connected to the main electrical system. The hourly meter data for each building was  
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FIGURE NO. 3-16:  ANNUAL MAIN SUBSTATION ELECTRIC LOAD - FY2014
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reviewed and summarized in the Division 5 – Appendix. The peak load and area for 
each building type was summed and utilized to develop a unitary load. The unitary load 
was then applied to buildings that currently do not have meters. The total non-coincident 
peak load for the entire campus was estimated to be 32,500 kW. The coincident 
recorded peak load for the campus was approximately 26,100 kW, which correlates to a 
0.80 diversity factor. The unitary load factors and peak loads are summarized in Table 
No. 3-26. 
The individual peak loads for each building connected to each feeder were added 
together and a diversity factor was applied to identify the peak load on each feeder. The 
complete feeder analysis is included in Division No. 5 – Appendix and is summarized in 
Table No. 3-27. A comparison of the feeder capacities to the existing loads is presented 
in Figure No. 3-18. None of the existing feeders are beyond their firm capacity.  
The West Feeder FA/FB serves the dining halls and residences on the southern portion 
of the campus. The university has just installed a new feeder to the stadium that is 
directly adjacent to the dining halls and residence buildings and will be utilized to unload 
the feeder FA/FB.  
The Feeder WEST WE/WF has the majority of the science buildings connected to it. 
The new Life Sciences Laboratory (LSL) is also connected to this pair. In 2013 the peak 
load was below the firm capacity, but with the completion and full occupancy of the LSL 
the anticipated load will be at the firm capacity.  
3.4.5 Electrical System Summary 
The following is a summary of the electrical system. 
• Continue with the current substation design. 
• The incoming utility feeders are adequate to supply the existing loads 
• The electric feeder that supplies the majority of the research buildings is loaded 
at the firm capacity level. 
  
TABLE NO. 3-26:  ELECTRIC UNITARY LOAD DEVELOPMENT SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
TOTAL CAMPUS METERED BUILDINGS FY2014 TOTAL SITE
NON-COINC. NON-COINC. COINC.
TOTAL NO. OF PEAK PEAK PEAK
SPACE CAMPUS NO. OF BUILDING  EXISTING BUILDING UNITARY BUILDING UNITARY BUILDING
UTILIZATION AREA BUILDINGS AREA METERS LOAD LOAD LOAD LOAD LOAD
(GSF) (GSF) (KW) (W/GSF) (KW) (W/GSF) (KW)
ACADEMIC/RESEARCH (MAJOR) 4,384,594      59             4,214,263      52             13,439         3.19               13,372             3.05               10,758             
RESIDENTIAL 3,800,578      63             3,800,578      63             6,540           1.72               6,955               1.83               5,598               
ADMIN/SUPPORT (MAJOR) 2,465,557      27             2,463,496      26             7,220           2.93               7,344               2.98               5,911               
ACADEMIC/RESEARCH (MINOR) 130,641         21             52,371           6               100              3.00               335                  2.56               267                  
ADMIN/SUPPORT (MINOR) 52,026           7               ---                ---           ---              3.00               156                  3.00               125                  
PLANT 4,684             4               4,684             4               4,272           912.04           4,272               912.04           3,438               
TOTAL CAMPUS 10,838,080    181           10,535,392    151           31,571         3.00               32,434             2.99               26,097             
97% 83%  DIVERSITY FACTOR 80%
FILE: P:\MD\14\114053A0\MP\CALC\4053-ELEC LOADS.XLSX RMF 9 FEB 2015
TABLE NO. 3-27:  13.8 KV SUBSTATION FEEDER AND TRANSFORMER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION SEPERATED FEEDERS
CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST FEEDERS FEEDERS 2.4 KV
DESCRIPITION LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 A1/B1 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
TOTAL CONNECTED LOAD FOR SITE 32,393           2,947            7,119            5,223            4,487            2,754            4,447            2,754            2,754            ---               2,176            5,507            
DIVERSITY FACTOR ---                0.91              0.66              0.88              0.83              0.85              0.85              0.85              0.85              0.80              1.00              0.85              
FEEDER COINCIDENT PEAK LOAD 28,692           2,685            4,728            4,587            3,721            2,340            3,774            2,340            2,340            ---               2,176            4,681            
ESTIMATED FIRM CAPACITY (KW) ---                5,900            5,900            5,900            5,900            5,900            5,900            5,900            5,900            5,900            5,900            6,980            
AVAILABLE CAPACITY (KW) 30,308           3,215            1,172            1,313            2,179            3,560            2,126            3,560            3,560            5,900            3,724            2,299            
NOTES: 1.  COINCIDENT PEAK LOAD FOR 2.4 KV SUBSTATION METERS BASED UPON A DIVERSITY FACTOR OF 0.85
2.  FIRM CAPACITY FOR THE FEEDER BASED UPON A 0.90 POWER FACTOR AND 350 KCMIL (6,500 KVA)
3  FIRM CAPACTIY OF THE 2.4 KV SUBSTATION BASED UPON THE FOLLOWING CAPACITIES:
TOTAL TOTAL FIRM
(KVA) (KW) (KW)
TRANSFORMER #1 FROM EAST SUBSTATION: 2,000               1,800              1,800              
TRANSFORMER #2 FROM EAST SUBSTATION: 2,000               1,800              1,800              
TRANSFORMER #1 FROM WEST SUBSTATION: 3,750               3,380              3,380              
TRANSFORMER #2 FROM WEST SUBSTATION: 3,750               3,380              -                 
TOTAL: 11,500             10,360            6,980              
4.                  -  TRANSFORMER ANALYSIS
FILE: P:\MD\14\114053A0\MP\CALC\4053-ELEC LOADS.XLSX RMF 9 FEB 2015
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FIGURE NO. 3-18:  EXISTING BUILDING CAMPUS FEEDER CAPACITY 
SUMMARY
UNIVERSITY OF MASSACHUSETTS AMHERST
TRANSFORMER CAPACITY
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FEEDER CAPACITY (5,900 KW)
NOTE: FEEDER CAPACITITES CALCULATED WITH AN ASSUMED POWER FACTOR OF 0.9
TRANSFORMER CAPACITY (6,980 KW)
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3.5 BUILDING ENERGY USE 
3.5.1 Existing Load Profiles 
The university meters the hourly energy use for the majority of buildings on the campus. 
The utilities metered include steam, chilled water and electric. The following is a 
summary of the total building area metered for each utility. 
 Steam:   9,890,000 gsf (92%) 
 Electric:  10,180,000 gsf (95%) 
 Chilled Water:  1,600,000 gsf (15%) 
The review of the hourly building meter data was utilized to develop peak demands, 
total energy use and hourly load profiles for each building. The heating, cooling, and 
electric consumption for each building is summarized in Division No. 5 – Appendix. 
Occurrences were noted where meter data was not available or the meter was 
malfunctioning. For these scenarios the hourly loads were estimated based upon the 
weather conditions. Typically, these occurrences represented less than 10% of the 
annual hourly readings and would not significantly impact the analysis. 
The peak demand data was utilized to develop unitary load factors to assist in 
identifying utility loads for buildings without meter data. 
The metered data was utilized to compare buildings on a total annual energy use per 
square foot basis. Buildings were grouped by their space utilization and the annual 
energy use in 1,000 Btu’s per square foot (KBtu/sf) was compared. Buildings which 
displayed higher energy used than the average for their group were flagged as potential 
opportunities for energy conservation measures. 
The hourly load profiles for each building were reviewed to identify anomalies in energy 
use which may indicate a need for building improvements or an energy audit. 
The power utilized to generate chilled water for buildings connected to a centralized 
chilled water system was applied to each individual building based upon the recorded 
chilled water load. 
Without a thorough building assessment, the meter data was utilized to evaluate the 
energy use in the following four areas: 
Unitary base building load comparison – The unitary base electric and steam loads 
were identified and compared to campus average for each type of building. If the base 
load was higher than the average a potential savings was identified. 
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Heating and electric setbacks – This represents steam or electric power utilized 
during hours when the building is unoccupied. There are potential savings to reduce the 
energy used when the building is unoccupied. 
Winter building cooling load –If the building has an airside economizers, then the 
building could operate the economizer instead of generating chilled water with electric 
or steam chillers. 
System controls issues – A review of the daily load profile was completed to try to 
identify buildings that were not controlled correctly. This was representative load data 
that did not follow typical occupied and weather scenarios. This could also represent 
metering error. Therefore the meter accuracy for these building should first be 
confirmed. 
The total energy consumed, unitary base load, meter information, setback cooling 
information, and control issues for each building are summarized in Table No. 3-28. 
The potential savings for the issues identified above are summarized in Table No. 3-29. 
The savings identified in the table total approximately 204,000 MMBtu (8% of the 
building energy). This general analysis indicates potential savings and identifies 
buildings to further evaluate. This information should be incorporated in the university’s 
ongoing efforts to continually reduce energy on campus. 
3.5.2 Total Energy Reduction 
Previously in this report, there were two additional projects (replacement of steam 
piping and optimizing the chilled water systems) identified that would also reduce 
energy consumption on the campus. Both of the projects can each save approximately 
1% of the total energy use. In general an energy reduction of 8% to 10% has been 
identified. If achieved, the total annual savings would be approximately $6.0 million per 
year. The energy reduction based upon the each proposed project is summarized in 
Table No. 3-30.  
The university has just completed an energy reduction project where the campus 
energy was identified to be reduced by 92,000 MMBtu (~4%). The total cost for this 
project was approximately $5.0 million or at a cost of $54 for each MMBtu saved. The 
majority of the projects had low simple paybacks. So, the cost per energy saved is lower 
than the projects identified in this report. Assuming a unitary cost of $120 per MMBtu 
saved the potential project cost for the building system improvements would be in the 
range of $25 million. 
  
TABLE NO. 3-28:  INDIVIDUAL ANNUAL BUILDING ENERGY USAGE SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
METER NAME COOLING INFORMATION BASE LOADS (>20% AVERAGE) NIGHT SETBACK (>90%)
TOTAL UNITARY SYSTEM WATER- AIR- WINTER UNITARY UNITARY SUMMER - FY2013 WINTER - FY2013
BLDG BUILDING NAME SPACE ENERGY ENERGY STEAM ELECTRIC CHW CONTROL ABS. COOLED COOLED COOLING STEAM ELECTRIC STEAM ELECTRIC STEAM ELECTRIC STEAM ELECTRIC
NO. UTILIZATION (MMBTU/YR) (KBTU/GSF) ISSUES CHILLER CHILLER CHILLER (Y/N) (PPH) (KW) (BTU/HR/GSF) (W/SF) (%) (%) (%) (%)
2 ARNOLD HOUSE ACADEMIC/RESEARCH (MINOR) 4,226                 95.3          B-2 B-2 NONE N N N N ---        9             ---            0.2              47.6        80.0        63.4        58.3        
7 BERKSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 5,065                 230.7        NONE B-7 NONE N N N N ---        14           ---            0.6              ---        87.3        ---        79.9        
8 HAMPSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 5,109                 236.2        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
9 MIDDLESEX HOUSE ACADEMIC/RESEARCH (MINOR) 5,146                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
12/26 CRABTREE/ KNOWLTON HOUSE RESIDENTIAL 10,307               151.1        B-12/26 B-12/26 NONE Y N N N 70           16           1.0              0.2              100.7      99.4        88.1        87.5        
LA LINCOLN APARTMENTS RESIDENTIAL 1,079                 16.8          MONTHLY B-LA NONE N N N N ---        12           ---            0.2              ---        95.4        ---        79.6        
25 HAMLIN HOUSE RESIDENTIAL 4,703                 132.6        B-25 B-25 NONE Y N N N 1             7             0.0              0.2              54.6        95.3        94.7        91.4        
27 LEACH HOUSE RESIDENTIAL 7,490                 225.0        B-27 B-27 NONE Y N N N 107         6             3.2              0.2              95.0        96.4        95.1        88.8        
28/30/34 LEWIS / THATCHER / MARY LYON HOUSES RESIDENTIAL 20,004               185.7        B-28/30/34 B-28/30/34 NONE N N N N 204         27           1.9              0.3              83.2        92.4        92.0        91.2        
29 NEW AFRICA (MILLS HOUSE) ACADEMIC/RESEARCH (MINOR) 3,640                 101.1        B-29 B-29 NONE N N N N 135         6             3.8              0.2              95.3        89.5        94.6        62.0        
32 VAN METER HOUSE RESIDENTIAL 15,896               161.8        NONE B-32 NONE N N N N ---        15           ---            0.2              ---        96.7        ---        84.4        
33 WHEELER HOUSE RESIDENTIAL 7,844                 220.9        B-33 B-33 NONE Y N N N 113         7             3.2              0.2              103.3      97.9        97.6        90.9        
35 DWIGHT HOUSE RESIDENTIAL 9,450                 246.7        B-35 B-35 NONE N N N N 168         7             4.4              0.2              98.2        95.5        95.2        86.6        
36 JOHNSON HOUSE RESIDENTIAL 7,503                 214.7        B-36 B-36 NONE N N N N 164         9             4.7              0.3              105.7      90.8        88.0        96.4        
37 HILLS HOUSE ACADEMIC/RESEARCH (MINOR) 9,947                 96.9          B-37 B-37 NONE Y N N N 25           25           0.2              0.2              92.7        88.1        86.7        74.3        
38 BLAISDELL HOUSE ACADEMIC/RESEARCH (MINOR) 1,134                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
57 CHANCELLOR'S HOUSE RESIDENTIAL 1,781                 170.0        NONE B-57 NONE N N N N ---        1             ---            0.1              ---        96.1        ---        71.7        
58 MONTAGUE HOUSE ACADEMIC/RESEARCH (MINOR) 254                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
61 HOMESTEAD HOUSE ADMIN/SUPPORT (MINOR) 1,126                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
62 STOCKBRIDGE HOUSE ADMIN/SUPPORT (MINOR) 1,079                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
71 DUDA BUILDING ACADEMIC/RESEARCH (MINOR) 411                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
72 ANIMAL ISOLATION LABORATORY ACADEMIC/RESEARCH (MINOR) 786                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
73 THAYER ANIMAL DISEASE LABORATORY ACADEMIC/RESEARCH (MINOR) 676                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
79 ARMY ROTC BUILDING ACADEMIC/RESEARCH (MINOR) 837                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
80 CHAPEL ADMIN/SUPPORT (MINOR) 4,917                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
81/82 GOESSMANN LAB & ADD. ACADEMIC/RESEARCH (MAJOR) 12,400               81.9          B-81/82 B-81/82 NONE N N N Y 412         176         2.7              1.2              96.3        94.7        ---        83.8        
83 CLARK HALL ACADEMIC/RESEARCH (MAJOR) 6,214                 287.8        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
84 CLARK HALL GREENHOUSE ACADEMIC/RESEARCH (MINOR) 854                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
85/86 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 39,896               575.7        B-85/86 B-85/86 NONE N N N N 250         41           3.6              0.6              56.1        86.7        75.4        61.3        
87/88 DRAPER HALL & ANNEX ACADEMIC/RESEARCH (MAJOR) 6,246                 158.2        B-87/88 B-87/88 NONE Y N N N 35           4             0.9              0.1              75.8        81.9        70.1        61.1        
89 EAST EXPERIMENT STATION ACADEMIC/RESEARCH (MINOR) 1,232                 213.8        NONE B-89 NONE N N N N ---        2             ---            0.3              ---        72.6        ---        53.3        
91 GUNNESS LABORATORY ACADEMIC/RESEARCH (MAJOR) 5,493                 257.5        NONE B-91 NONE Y N N N ---        7             ---            0.3              ---        74.5        ---        82.6        
92 MARSTON HALL ACADEMIC/RESEARCH (MAJOR) 7,938                 124.8        B-92 B-92 NONE N N N N ---        25           ---            0.4              89.6        86.7        94.8        62.9        
93 AGRICULTURAL ENGINEERING BLDG SOUTH ACADEMIC/RESEARCH (MAJOR) 5,145                 298.8        NONE B-93 NONE N N N N ---        14           ---            0.8              ---        93.5        ---        76.8        
94 AGRICULTURAL ENGINEERING BLDG NORTH ACADEMIC/RESEARCH (MAJOR) 3,611                 287.8        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
96 DURFEE RANGE ACADEMIC/RESEARCH (MINOR) 1,168                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
97 FERNALD HALL ACADEMIC/RESEARCH (MAJOR) 6,992                 204.2        B-97 B-97 NONE Y N N N 50           20           1.5              0.6              20.1        88.5        24.7        77.4        
100 FLINT LABORATORY ACADEMIC/RESEARCH (MAJOR) 4,141                 142.1        B-100 B-100 NONE N N N N 14           3             0.5              0.1              92.7        78.3        81.3        61.0        
101/344 CHENOWETH LAB & ADDITION ACADEMIC/RESEARCH (MAJOR) 14,676               250.1        B-101/344 B-101/344 NONE Y N N N 154         56           2.6              1.0              97.2        93.8        88.2        75.0        
104/105 FRENCH HALL & GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 9,652                 249.9        NONE B-104/105 NONE N N N N ---        12           ---            0.3              ---        92.7        ---        76.3        
107 BARTLETT HALL ACADEMIC/RESEARCH (MAJOR) 23,386               205.6        B-107 B-107 NONE N N N Y 18           26           0.2              0.2              95.9        92.7        91.9        63.5        
111 MACHMER HALL ACADEMIC/RESEARCH (MAJOR) 13,141               182.4        B-111 B-111 NONE N N N N ---        13           ---            0.2              96.9        83.6        97.4        47.9        
115 MEMORIAL HALL ADMIN/SUPPORT (MAJOR) 4,655                 236.2        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
116/117 MUNSON HALL & ANNEX ADMIN/SUPPORT (MAJOR) 4,313                 200.5        NONE B-116/117 NONE N N N N ---        2             ---            0.1              ---        67.6        ---        55.2        
118 HATCH LABORATORY ACADEMIC/RESEARCH (MINOR) 2,088                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
120 PAIGE LABORATORY ACADEMIC/RESEARCH (MAJOR) 6,860                 232.1        NONE B-120 NONE N N N N ---        4             ---            0.1              ---        93.4        ---        60.2        
121/576 HICKS PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 16,443               138.7        B-121/576 B-121/576 NONE Y N N N 140         14           1.2              0.1              75.0        88.9        69.6        63.5        
123 TOTMAN PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 18,863               166.9        B-123 B-123 NONE N N N N 100         29           0.9              0.3              86.6        80.1        79.6        70.1        
124/318 HASBROUCK LAB & ADD ACADEMIC/RESEARCH (MAJOR) 54,082               500.9        B-124/318 B-124/318 NONE N Y N N 132         50           1.2              0.5              92.1        98.1        73.2        78.1        
125 PHOTOGRAPHY LABORATORY ADMIN/SUPPORT (MINOR) 2,349                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
MC MORRILL COMPLEX ACADEMIC/RESEARCH (MAJOR) 151,579             435.1        B-MC B-MC B-MC N N N N Y 1,601      500         4.6              1.4              96.0        95.5        94.6        82.0        
128 SKINNER HALL ACADEMIC/RESEARCH (MAJOR) 9,483                 149.7        B-128 B-128 B-128 Y N N N N 81           23           1.3              0.4              73.4        89.9        50.4        72.1        
129 SOUTH COLLEGE ACADEMIC/RESEARCH (MAJOR) 6,737                 215.5        B-129 B-129 NONE N N N N 40           5             1.3              0.2              93.3        81.0        96.7        67.6        
130 STOCKBRIDGE HALL ACADEMIC/RESEARCH (MAJOR) 9,993                 124.0        B-130 B-130 NONE Y N N N 200         15           2.5              0.2              68.6        93.2        51.2        60.7        
131 STUDENT UNION ADMIN/SUPPORT (MAJOR) 21,946               202.7        B-131 B-131 NONE N N N N ---        22           ---            0.2              80.4        91.5        87.6        53.5        
132 DICKINSON HALL ACADEMIC/RESEARCH (MAJOR) 6,401                 214.7        B-132 B-132 NONE N N N N 100         8             3.4              0.3              95.8        90.7        94.4        64.9        
135 BOWDITCH HALL ACADEMIC/RESEARCH (MAJOR) 3,252                 262.3        NONE B-135 NONE N N N N ---        4             ---            0.3              ---        81.5        ---        74.8        
136 GRINNELL ARENA ACADEMIC/RESEARCH (MINOR) 1,897                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
166 HORSE BARN ACADEMIC/RESEARCH (MINOR) 357                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
167 BOWDITCH HALL GREENHOUSE ACADEMIC/RESEARCH (MINOR) 1,096                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
168 WEST EXPERIMENT STATION ACADEMIC/RESEARCH (MAJOR) 4,166                 287.8        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
169 WILDER HALL ACADEMIC/RESEARCH (MAJOR) 2,951                 287.8        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
170/398 PHYSICAL PLANT & ADD ADMIN/SUPPORT (MAJOR) 23,401               148.0        B-170/398 B-170/398 NONE N N N N 240         53           1.5              0.3              94.4        90.3        83.3        61.2        
171/172 GOODELL & ADDITION ADMIN/SUPPORT (MAJOR) 53,862               416.6        B-171/172 B-171/172 NONE Y Y N N 270         50           2.1              0.4              89.0        97.9        94.4        64.4        
245 ART BARN ACADEMIC/RESEARCH (MINOR) 148                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
289 FURCOLO HALL ACADEMIC/RESEARCH (MAJOR) 867                   7.7            NONE B-289 NONE N N N N ---        8             ---            0.1              ---        95.0        ---        69.6        
291/418 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 13,841               202.5        B-291/418 B-291/418 NONE N N N N 200         28           2.9              0.4              86.0        85.3        80.4        54.2        
292 COLD STORAGE BUILDING ADMIN/SUPPORT (MAJOR) 4,479                 236.2        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
293 ENGINEERING SHOPS BUILDING ACADEMIC/RESEARCH (MAJOR) 9,790                 217.7        B-293 B-293 NONE N N N N 31           17           0.7              0.4              97.0        91.5        98.9        63.1        
295 BRETT HOUSE RESIDENTIAL 10,213               198.0        B-295 B-295 NONE Y N N N 50           1             1.0              0.0              94.6        85.5        95.8        91.6        
296 HOLDSWORTH HALL ACADEMIC/RESEARCH (MAJOR) 9,141                 142.3        B-296 B-296 NONE Y N N N 98           12           1.5              0.2              25.0        80.9        25.4        62.6        
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING ACADEMIC/RESEARCH (MAJOR) 18,820               249.5        B-317 B-317 NONE N N N N 110         70           1.5              0.9              103.5      79.3        81.7        62.4        
319 BOYDEN GYMNASIUM ADMIN/SUPPORT (MAJOR) 27,936               133.7        B-319 B-319 NONE Y N N N 256         47           1.2              0.2              100.2      88.5        90.5        59.1        
329 MAHAR AUDITORIUM ACADEMIC/RESEARCH (MINOR) 4,074                 212.8        NONE B-329 NONE N N N Y ---        2             ---            0.1              ---        76.7        ---        57.3        
330 GRAYSON HOUSE RESIDENTIAL 16,474               212.6        B-330 B-330 NONE N N N N 245         35           3.2              0.5              91.0        92.0        90.7        94.5        
331 DICKINSON HOUSE RESIDENTIAL 12,503               160.5        B-331 NONE NONE N N N N 100         ---        1.3              ---            90.2        ---        88.0        ---        
332 FIELD HOUSE RESIDENTIAL 15,135               195.3        B-332 B-332 NONE N N N N 107         33           1.4              0.4              87.8        92.7        87.5        90.0        
TABLE NO. 3-28:  INDIVIDUAL ANNUAL BUILDING ENERGY USAGE SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
METER NAME COOLING INFORMATION BASE LOADS (>20% AVERAGE) NIGHT SETBACK (>90%)
TOTAL UNITARY SYSTEM WATER- AIR- WINTER UNITARY UNITARY SUMMER - FY2013 WINTER - FY2013
BLDG BUILDING NAME SPACE ENERGY ENERGY STEAM ELECTRIC CHW CONTROL ABS. COOLED COOLED COOLING STEAM ELECTRIC STEAM ELECTRIC STEAM ELECTRIC STEAM ELECTRIC
NO. UTILIZATION (MMBTU/YR) (KBTU/GSF) ISSUES CHILLER CHILLER CHILLER (Y/N) (PPH) (KW) (BTU/HR/GSF) (W/SF) (%) (%) (%) (%)
333 WEBSTER HOUSE RESIDENTIAL 12,605               161.9        B-333 NONE NONE N N N N 93           ---        1.2              ---            88.1        ---        89.1        ---        
334 FRANKLIN DINING HALL ADMIN/SUPPORT (MAJOR) 30,791               512.3        B-334 B-334 NONE Y N N Y 200         36           3.3              0.6              65.1        89.1        62.3        57.0        
343 MARCUS HALL ACADEMIC/RESEARCH (MAJOR) 37,705               554.7        B-343 B-343 B-343 Y N N N Y 100         80           1.5              1.2              99.9        95.7        95.5        85.8        
352 KENNEDY HOUSE RESIDENTIAL 28,700               192.5        B-352 B-352 NONE N N N N 262         21           1.8              0.1              94.8        95.0        91.1        84.2        
353 COOLIDGE HOUSE RESIDENTIAL 25,040               166.3        B-353 B-353 NONE N N N N 124         23           0.8              0.2              93.8        95.5        91.9        90.3        
354 ADAMS, JOHN HOUSE RESIDENTIAL 19,756               131.9        B-354 B-354 NONE N N N N 45           20           0.3              0.1              83.6        95.1        88.0        89.7        
355 ADAMS, JOHN Q. HOUSE RESIDENTIAL 25,832               172.5        B-355 B-355 NONE N N N N 486         26           3.2              0.2              95.3        96.4        89.4        90.0        
356 WASHINGTON HOUSE RESIDENTIAL 22,122               147.6        B-356 B-356 NONE N N N N 91           25           0.6              0.2              87.1        95.4        86.6        89.2        
357 HAMPSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 2,496                 52.8          B-357 B-357 NONE N Y N N ---        ---        ---            ---            ---        72.5        ---        61.9        
380/381 PRINCE / CRAMPTON HOUSES RESIDENTIAL 32,229               238.1        B-380/381 B-380/381 NONE Y N N N ---        41           ---            0.3              99.1        97.7        93.1        90.4        
382 HAMPDEN DINING HALL ADMIN/SUPPORT (MAJOR) 42,583               762.7        B-382 B-382 NONE Y N N Y 264         100         4.7              1.8              92.4        104.4      95.3        90.9        
387 AGRICULTURAL ENGINEERING BUILDING CENTRAL ACADEMIC/RESEARCH (MAJOR) 4,524                 287.8        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
388 WHITMORE HALL ADMIN/SUPPORT (MAJOR) 8,879                 66.6          B-388 B-388 NONE N Y N N ---        50           ---            0.4              41.7        70.3        ---        45.0        
397 PHYSICAL PLANT FLAMMABLE STORAGE ADMIN/SUPPORT (MINOR) 604                   236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
399 BERKSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 62,480               835.1        B-399 B-399 NONE N Y N N 1,369      81           18.3            1.1              85.5        84.0        91.8        68.3        
400/401 CANCE/PIERPONT HOUSE RESIDENTIAL 20,373               125.4        B-400/401 b-400/401 NONE N N N N 199         20           1.2              0.1              93.5        98.0        95.3        92.4        
402 MOORE HOUSE RESIDENTIAL 10,899               182.6        B-402 B-402 NONE N N N N ---        11           ---            0.2              86.9        97.6        98.2        88.9        
403 ASTRONOMY BUILDING ACADEMIC/RESEARCH (MINOR) 475                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
405 THOMPSON HALL ACADEMIC/RESEARCH (MAJOR) 16,803               168.0        B-405 B-405 NONE N Y Y N 150         40           1.5              0.4              32.1        70.2        64.0        59.1        
406 HERTER ACADEMIC/RESEARCH (MAJOR) 16,891               135.9        B-406 B-406 NONE Y Y Y N 450         50           3.6              0.4              99.3        79.0        98.6        53.3        
412/502 LEDERLE GRAD RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 206,104             423.1        B-412/502 B-412/502 B-412/502 N N N N Y 1,200      1,300      2.5              2.7              100.0      97.5        89.2        83.6        
413 LINCOLN CAMPUS CENTER ADMIN/SUPPORT (MAJOR) 119,431             419.4        B-413 B-413 NONE N Y Y N 382         410         1.3              1.4              74.6        95.4        79.2        69.9        
414 PARKING GARAGE ADMIN/SUPPORT (MAJOR) 13,837               34.5          B-414 B-414 NONE N N N N ---        41           ---            0.1              91.4        74.7        89.3        128.1      
415 TOBIN HALL ACADEMIC/RESEARCH (MAJOR) 35,800               317.9        B-415 B-415 NONE N Y Y N 430         158         3.8              1.4              88.9        98.4        82.3        81.4        
417 DUBOIS LIBRARY ACADEMIC/RESEARCH (MAJOR) 70,467               156.9        B-417 B-417 NONE N N Y N 1,100      400         2.4              0.9              102.7      94.7        93.6        83.1        
420 FINE ARTS CENTER ACADEMIC/RESEARCH (MAJOR) 50,871               228.1        B-420 B-420 NONE N N Y N 216         182         1.0              0.8              86.7        92.8        88.0        76.5        
422 PHYSICAL PLANT LUMBER STORAGE BARN ADMIN/SUPPORT (MINOR) 311                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
426 BROWN HOUSE RESIDENTIAL 19,360               193.3        B-426 B-426 NONE N N N N 250         30           2.5              0.3              94.1        96.3        95.5        94.5        
427 CASHIN HOUSE RESIDENTIAL 17,350               173.3        B-427 B-427 NONE N N N N ---        25           ---            0.2              86.6        95.3        97.2        95.6        
428 MCNAMARA HOUSE RESIDENTIAL 14,001               139.8        B-428 B-428 NONE N N N N ---        15           ---            0.1              81.3        94.6        96.2        93.6        
548 PLANT & SOIL SCIENCES GREENHOUSE #9 ACADEMIC/RESEARCH (MINOR) 122                   42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
577 ROBSHAM MEMORIAL CENTER FOR VISITORS ADMIN/SUPPORT (MINOR) 91                     42.3          NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
604 KNOWLES ENGINEERING BUILDING ACADEMIC/RESEARCH (MAJOR) 9,359                 239.3        B-604 B-604 NONE N N Y N 60           51           1.5              1.3              86.0        98.5        77.5        82.7        
613 MULLINS MEMORIAL CENTER ADMIN/SUPPORT (MAJOR) 14,850               82.3          MONTHLY B-613 NONE N Y Y N ---        246         ---            1.4              ---        93.8        ---        71.1        
614 CONTE POLYMER RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 111,157             526.6        B-614 B-614 B-614 Y N N N Y 765         400         3.6              1.9              87.3        100.0      97.6        91.5        
651 ENGINEERING & COMPUTER SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 33,816               426.5        B-651 B-651 B-651 Y N N N Y 200         100         2.5              1.3              64.8        91.9        59.8        73.6        
653 CENTRAL FACILITY ACADEMIC/RESEARCH (MAJOR) 7,449                 354.0        NONE B-653 NONE N N N N ---        60           ---            2.9              ---        97.3        ---        84.8        
655 ALFOND HALL ACADEMIC/RESEARCH (MAJOR) 3,113                 59.5          NONE NONE NONE N Y N ---        ---        ---            ---            ---        ---        ---        ---        
657 ENGINEERING LABORATORY II ACADEMIC/RESEARCH (MAJOR) 49,983               566.8        B-657 B-657 B-657 N N N N Y 550         225         6.2              2.6              93.3        100.0      91.8        96.0        
ND NORTH DORMS RESIDENTIAL 50,237               133.2        B-ND B-ND NONE N N Y N 700         230         1.9              0.6              95.7        100.2      93.1        87.7        
676 INTEGRATED SCIENCES BUILDING ACADEMIC/RESEARCH (MAJOR) 129,252             685.9        B-676 B-676 B-676 N N N N Y 2,000      355         10.6            1.9              76.6        96.0        77.8        79.6        
677 STUDIO ARTS BUILDING ACADEMIC/RESEARCH (MAJOR) 12,592               191.7        B-677 B-677 B-677 N N N N N 63           48           1.0              0.7              93.0        97.5        95.7        86.6        
678 RECREATION CENTER ADMIN/SUPPORT (MAJOR) 23,082               144.1        B-678 B-678 NONE N N Y N 80           45           0.5              0.3              98.8        79.1        77.8        59.4        
696 PARKS, GEORGE N. MINUTEMAN MARCHING BAND BUILDING ACADEMIC/RESEARCH (MINOR) 5,151                 236.9        NONE NONE NONE N N N ---        ---        ---            ---            ---        ---        ---        ---        
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 9,313                 579.0        NONE B-701 NONE N N N N ---        60           ---            3.7              ---        81.7        ---        43.0        
COM HONORS COLLEGE RESIDENTIAL 3,261                 6.6            B-COM B-COM NONE N N Y N ---        ---        ---            ---            99.7        ---        ---        ---        
TC THOREAU COMPLEX RESIDENTIAL 71,264               208.5        B-TC B-TC NONE N N N N 450         530         1.3              1.6              90.2        94.6        92.6        94.2        
BC BAKER COMPLEX RESIDENTIAL 55,357               185.6        B-BC B-BC NONE N N N N 600         85           2.0              0.3              95.9        96.5        95.9        91.1        
NOTES: THE FOLLOWING IS AVERAGE UNITARY BASED LOADS FOR EACH SPACE UTILIZATION
STEAM ELECTRIC
(BTU/HR/GSF) (W/SF)
ACADEMIC/RESEARCH (MAJOR): 2.83 1.12
ACADEMIC/RESEARCH (MINOR) & ADMIN/SUPPORT: 1.38 0.5
RESIDENTIAL: 1.69 0.4
DINING: 8.01 0.99
FILE: P:\MD\14\114053A0\MP\CALC\4053-HOURLYDATA-ALLBUILDINGS.XLSX RMF 9 FEB 2015
TABLE NO. 3-29:  POTENTIAL ANNUAL ENERGY SAVINGS FOR INDIVIDUAL BUILDINGS
UNIVERSITY OF MASSACHUSETTS, AMHERST
EXISTING USAGE BASE LOAD REDUCTION NIGHT SETBACK SUMMER NIGHT SETBACK WINTER 5%
SPACE TOTAL UNITARY WINTER STEAM TOTAL ELECTRIC TOTAL STEAM ELECTRIC STEAM ELECTRIC CONTROL TOTAL
UTILIZATION BLDG BUILDING NAME ENERGY ENERGY COOLING REDUCTION STEAM REDUCTION ELECTRIC SAVING SAVINGS SAVING SAVINGS SAVINGS SAVINGS PERCENT
NO. (MMBTU/YR) (KBTU/GSF) (MMBTU) (BTU/HR-GSF) (MMBTU) (W/GSF) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (%)
ACADEMIC/RESEARCH 81/82 GOESSMANN LAB & ADD. 12,400           81.9          ---             ---            ---             ---        ---             96                  238                ---               25                  ---               358                  2.9          
(MAJOR) 83 CLARK HALL 6,214             287.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
87/88 DRAPER HALL & ANNEX 6,246             158.2        ---             ---            ---             ---        ---             ---               1                    ---               ---               312                314                  5.0          
91 GUNNESS LABORATORY 5,493             257.5        ---             ---            ---             ---        ---             ---               ---               ---               2                    275                277                  5.0          
92 MARSTON HALL 7,938             124.8        ---             ---            ---             ---        ---             6                    17                  233                ---               ---               256                  3.2          
93 AGRICULTURAL ENGINEERING BLDG SOUTH 5,145             298.8        ---             ---            ---             ---        ---             ---               30                  ---               ---               ---               30                    0.6          
94 AGRICULTURAL ENGINEERING BLDG NORTH 3,611             287.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
97 FERNALD HALL 6,992             204.2        ---             ---            ---             ---        ---             ---               17                  ---               ---               350                367                  5.2          
100 FLINT LABORATORY 4,141             142.1        ---             ---            ---             ---        ---             28                  ---               10                  ---               ---               38                    0.9          
101/344 CHENOWETH LAB & ADDITION 14,676           250.1        ---             ---            ---             ---        ---             207                75                  110                ---               734                1,126               7.7          
104/105 FRENCH HALL & GREENHOUSE 9,652             249.9        ---             ---            ---             ---        ---             ---               17                  ---               ---               ---               17                    0.2          
107 BARTLETT HALL 23,386           205.6        ---             ---            ---             ---        ---             161                34                  498                ---               ---               693                  3.0          
111 MACHMER HALL 13,141           182.4        ---             ---            ---             ---        ---             54                  5                    544                ---               ---               603                  4.6          
120 PAIGE LABORATORY 6,860             232.1        ---             ---            ---             ---        ---             ---               1                    ---               ---               ---               1                      0.0          
121/576 HICKS PHYSICAL EDUCATION BUILDING 16,443           138.7        ---             ---            ---             ---        ---             ---               19                  ---               ---               822                841                  5.1          
123 TOTMAN PHYSICAL EDUCATION BUILDING 18,863           166.9        ---             ---            ---             ---        ---             51                  0                    ---               ---               ---               51                    0.3          
124/318 HASBROUCK LAB & ADD 54,082           500.9        ---             ---            ---             ---        ---             651                106                ---               ---               ---               757                  1.4          
MC MORRILL COMPLEX 151,579          435.1        459                  1.2               10,493             0.1          1,139               1,297             557                2,261             52                  ---               16,257             10.7        
128 SKINNER HALL 9,483             149.7        ---             ---            ---             ---        ---             ---               18                  ---               ---               474                492                  5.2          
129 SOUTH COLLEGE 6,737             215.5        ---             ---            ---             ---        ---             37                  1                    173                ---               ---               211                  3.1          
130 STOCKBRIDGE HALL 9,993             124.0        ---             ---            ---             ---        ---             ---               30                  ---               ---               500                530                  5.3          
132 DICKINSON HALL 6,401             214.7        ---             ---            ---             ---        ---             63                  13                  119                ---               ---               196                  3.1          
135 BOWDITCH HALL 3,252             262.3        ---             ---            ---             ---        ---             ---               1                    ---               ---               ---               1                      0.0          
168 WEST EXPERIMENT STATION 4,166             287.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
169 WILDER HALL 2,951             287.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
289 FURCOLO HALL 867                7.7            ---             ---            ---             ---        ---             ---               22                  ---               ---               ---               22                    2.6          
293 ENGINEERING SHOPS BUILDING 9,790             217.7        ---             ---            ---             ---        ---             58                  25                  395                ---               ---               479                  4.9          
296 HOLDSWORTH HALL 9,141             142.3        ---             ---            ---             ---        ---             ---               1                    ---               ---               457                458                  5.0          
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 18,820           249.5        ---             ---            ---             ---        ---             186                ---               45                  ---               ---               231                  1.2          
343 MARCUS HALL 37,705           554.7        1,052               ---            ---             ---        ---             479                88                  427                21                  1,885             3,954               10.5        
387 AGRICULTURAL ENGINEERING BUILDING CENTRAL 4,524             287.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
405 THOMPSON HALL 16,803           168.0        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
406 HERTER 16,891           135.9        ---             0.2               564                  ---        ---             303                ---               316                ---               845                2,029               12.0        
412/502 LEDERLE GRAD RESEARCH CENTER 206,104          423.1        3,095               ---            ---             1.3          23,151             ---               1,361             1,302             216                ---               29,125             14.1        
415 TOBIN HALL 35,800           317.9        ---             0.4               1,021               0.1          220                  164                289                82                  11                  ---               1,785               5.0          
417 DUBOIS LIBRARY 70,467           156.9        ---             ---            ---             ---        ---             1,299             409                655                47                  ---               2,411               3.4          
420 FINE ARTS CENTER 50,871           228.1        ---             ---            ---             ---        ---             141                198                545                ---               ---               885                  1.7          
604 KNOWLES ENGINEERING BUILDING 9,359             239.3        ---             ---            ---             ---        ---             31                  100                ---               6                    ---               137                  1.5          
614 CONTE POLYMER RESEARCH CENTER 111,157          526.6        164                  0.2               1,139               0.6          4,169               341                700                2,883             191                5,558             15,144             13.6        
651 ENGINEERING & COMPUTER SCIENCE CENTER I 33,816           426.5        629                  ---            ---             ---        ---             ---               73                  ---               ---               1,691             2,393               7.1          
653 CENTRAL FACILITY 7,449             354.0        ---             ---            ---             1.5          1,003               ---               58                  ---               17                  ---               1,079               14.5        
655 ALFOND HALL 3,113             59.5          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
657 ENGINEERING LABORATORY II 49,983           566.8        13                    2.8               6,245               1.2          3,692               455                279                783                152                ---               11,618             23.2        
676 INTEGRATED SCIENCES BUILDING 129,252          685.9        198                  7.2               33,690             0.5          3,535               ---               404                ---               ---               ---               37,827             29.3        
677 STUDIO ARTS BUILDING 12,592           191.7        ---             ---            ---             ---        ---             52                  47                  101                21                  ---               221                  1.8          
701 RESEARCH & EDUCATION GREENHOUSE 9,313             579.0        ---             ---            ---             2.4          1,354               ---               8                    ---               ---               ---               1,363               14.6        
ACADEMIC/RESEARCH 2 ARNOLD HOUSE 4,226             95.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
(MINOR) 9 MIDDLESEX HOUSE 5,146             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
ADMIN/SUPPORT 29 NEW AFRICA (MILLS HOUSE) 3,640             101.1        ---             2.1               1,155               ---        ---             21                  6                    81                  ---               ---               1,262               34.7        
(MAJOR) 37 HILLS HOUSE 9,947             96.9          ---             ---            ---             ---        ---             79                  16                  80                  ---               497                672                  6.8          
38 BLAISDELL HOUSE 1,134             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
58 MONTAGUE HOUSE 254                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
71 DUDA BUILDING 411                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
72 ANIMAL ISOLATION LABORATORY 786                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
73 THAYER ANIMAL DISEASE LABORATORY 676                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
79 ARMY ROTC BUILDING 837                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
84 CLARK HALL GREENHOUSE 854                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
89 EAST EXPERIMENT STATION 1,232             213.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
96 DURFEE RANGE 1,168             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
118 HATCH LABORATORY 2,088             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
136 GRINNELL ARENA 1,897             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
166 HORSE BARN 357                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
167 BOWDITCH HALL GREENHOUSE 1,096             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
245 ART BARN 148                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
329 MAHAR AUDITORIUM 4,074             212.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
403 ASTRONOMY BUILDING 475                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
548 PLANT & SOIL SCIENCES GREENHOUSE #9 122                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
696 PARKS, GEORGE N. MINUTEMAN MARCHING BAND BUILDING 5,151             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
TABLE NO. 3-29:  POTENTIAL ANNUAL ENERGY SAVINGS FOR INDIVIDUAL BUILDINGS
UNIVERSITY OF MASSACHUSETTS, AMHERST
EXISTING USAGE BASE LOAD REDUCTION NIGHT SETBACK SUMMER NIGHT SETBACK WINTER 5%
SPACE TOTAL UNITARY WINTER STEAM TOTAL ELECTRIC TOTAL STEAM ELECTRIC STEAM ELECTRIC CONTROL TOTAL
UTILIZATION BLDG BUILDING NAME ENERGY ENERGY COOLING REDUCTION STEAM REDUCTION ELECTRIC SAVING SAVINGS SAVING SAVINGS SAVINGS SAVINGS PERCENT
NO. (MMBTU/YR) (KBTU/GSF) (MMBTU) (BTU/HR-GSF) (MMBTU) (W/GSF) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (MMBTU) (%)
ACADEMIC/RESEARCH 7 BERKSHIRE HOUSE 5,065             230.7        ---             ---            ---             0.0          30                    ---               8                    ---               ---               ---               38                    0.7          
(MINOR) 8 HAMPSHIRE HOUSE 5,109             236.2        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
ADMIN/SUPPORT 115 MEMORIAL HALL 4,655             236.2        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
(MAJOR) 116/117 MUNSON HALL & ANNEX 4,313             200.5        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
(CONT.) 131 STUDENT UNION 21,946           202.7        ---             ---            ---             ---        ---             2                    31                  314                ---               ---               347                  1.6          
170/398 PHYSICAL PLANT & ADD 23,401           148.0        ---             ---            ---             ---        ---             248                42                  75                  ---               ---               365                  1.6          
171/172 GOODELL & ADDITION 53,862           416.6        ---             0.4               1,353               ---        ---             543                157                784                ---               2,693             5,531               10.3        
291/418 UNIVERSITY HEALTH CENTER 13,841           202.5        ---             1.3               1,914               ---        ---             55                  17                  5                    ---               ---               1,992               14.4        
292 COLD STORAGE BUILDING 4,479             236.2        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
319 BOYDEN GYMNASIUM 27,936           133.7        ---             ---            ---             ---        ---             602                36                  432                ---               1,397             2,466               8.8          
357 HAMPSHIRE DINING HALL 2,496             52.8          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
388 WHITMORE HALL 8,879             66.6          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
413 LINCOLN CAMPUS CENTER 119,431          419.4        ---             ---            ---             0.8          8,562               ---               425                ---               ---               ---               8,987               7.5          
414 PARKING GARAGE 13,837           34.5          ---             ---            ---             ---        ---             50                  ---               221                13                  ---               284                  2.1          
613 MULLINS MEMORIAL CENTER 14,850           82.3          ---             ---            ---             0.8          4,090               ---               215                ---               ---               ---               4,305               29.0        
678 RECREATION CENTER 23,082           144.1        ---             ---            ---             ---        ---             319                ---               ---               ---               ---               319                  1.4          
61 HOMESTEAD HOUSE 1,126             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
62 STOCKBRIDGE HOUSE 1,079             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
80 CHAPEL 4,917             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
125 PHOTOGRAPHY LABORATORY 2,349             236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
397 PHYSICAL PLANT FLAMMABLE STORAGE 604                236.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
422 PHYSICAL PLANT LUMBER STORAGE BARN 311                42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
577 ROBSHAM MEMORIAL CENTER FOR VISITORS 91                  42.3          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
DINING 85/86 WORCESTER DINING HALL 39,896           575.7        ---             ---            ---             ---        ---             ---               29                  ---               ---               ---               29                    0.1          
334 FRANKLIN DINING HALL 30,791           512.3        ---             ---            ---             ---        ---             ---               69                  ---               ---               1,540             1,609               5.2          
382 HAMPDEN DINING HALL 42,583           762.7        ---             ---            ---             0.6          980                  362                130                829                46                  2,129             4,475               10.5        
399 BERKSHIRE DINING HALL 62,480           835.1        ---             8.7               14,586             ---        ---             295                35                  525                ---               ---               15,440             24.7        
RESIDENTIAL 12/26 CRABTREE/ KNOWLTON HOUSE 10,307           151.1        ---             ---            ---             ---        ---             ---               ---               ---               ---               515                515                  5.0          
LA LINCOLN APARTMENTS 1,079             16.8          ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
25 HAMLIN HOUSE 4,703             132.6        ---             ---            ---             ---        ---             ---               ---               ---               ---               235                235                  5.0          
27 LEACH HOUSE 7,490             225.0        ---             1.2               873                  ---        ---             ---               ---               ---               ---               375                1,248               16.7        
28/30/34 LEWIS / THATCHER / MARY LYON HOUSES 20,004           185.7        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
32 VAN METER HOUSE 15,896           161.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
33 WHEELER HOUSE 7,844             220.9        ---             1.2               909                  ---        ---             ---               ---               ---               ---               392                1,301               16.6        
35 DWIGHT HOUSE 9,450             246.7        ---             2.4               2,166               ---        ---             ---               ---               ---               ---               ---               2,166               22.9        
36 JOHNSON HOUSE 7,503             214.7        ---             2.7               1,577               ---        ---             ---               ---               ---               ---               ---               1,577               21.0        
57 CHANCELLOR'S HOUSE 1,781             170.0        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
295 BRETT HOUSE 10,213           198.0        ---             ---            ---             ---        ---             ---               ---               ---               ---               511                511                  5.0          
330 GRAYSON HOUSE 16,474           212.6        ---             1.1               1,633               ---        ---             ---               ---               ---               ---               ---               1,633               9.9          
331 DICKINSON HOUSE 12,503           160.5        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
332 FIELD HOUSE 15,135           195.3        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
333 WEBSTER HOUSE 12,605           161.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
352 KENNEDY HOUSE 28,700           192.5        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
353 COOLIDGE HOUSE 25,040           166.3        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
354 ADAMS, JOHN HOUSE 19,756           131.9        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
355 ADAMS, JOHN Q. HOUSE 25,832           172.5        ---             1.2               2,834               ---        ---             ---               ---               ---               ---               ---               2,834               11.0        
356 WASHINGTON HOUSE 22,122           147.6        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
380/381 PRINCE / CRAMPTON HOUSES 32,229           238.1        ---             ---            ---             ---        ---             ---               ---               ---               ---               1,611             1,611               5.0          
400/401 CANCE/PIERPONT HOUSE 20,373           125.4        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
402 MOORE HOUSE 10,899           182.6        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
426 BROWN HOUSE 19,360           193.3        ---             0.5               953                  ---        ---             ---               ---               ---               ---               ---               953                  4.9          
427 CASHIN HOUSE 17,350           173.3        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
428 MCNAMARA HOUSE 14,001           139.8        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
ND NORTH DORMS 50,237           133.2        ---             ---            ---             0.1          1,744               ---               ---               ---               ---               ---               1,744               3.5          
COM HONORS COLLEGE 3,261             6.6            ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
TC THOREAU COMPLEX 71,264           208.5        ---             ---            ---             1.1          5,438               ---               ---               ---               ---               ---               5,438               7.6          
BC BAKER COMPLEX 55,357           185.6        ---             ---            ---             ---        ---             ---               ---               ---               ---               ---               ---             ---        
TOTAL ANNUAL SAVINGS 2,401,558       224.4        5,610               ---            83,103             ---        59,107             8,736             6,462             14,828           819                25,797           204,462           8.5          
PERCENT SAVINGS (%) ---           ---         0.2               ---            3.5               ---        2.5               0.4               0.3               0.6               0.0               1.1               8.5               ---        
FILE: P:\MD\14\114053A0\MP\CALC\4053-HOURLYDATA-ALLBUILDINGS.XLSX RMF 9 FEB 2015
TABLE NO. 3-30:  CAMPUS ENERGY MASTER PLAN
UNIVERSITY OF MASSACHUSETTS, AMHERST
ENERGY PERCENT ELECTRIC STEAM TOTAL
ECM DESCRIPTION SAVINGS SAVINGS SAVINGS SAVINGS SAVINGS
NO. (MMBTU/YR) (%) ($/YR) ($/YR) ($/YR)
BASELINE 2,400,000                ---                      ---               ---            ---               
1A WINTER COOLING 5,606                       0.2                        218,000          ---            218,000          
1B BASE LOAD REDUCTION 142,117                   5.9                        2,296,000       1,162,000    3,458,000       
1C NIGHT SETBACK 30,825                     1.3                        283,000          330,000       613,000          
1D CONTROL ISSUES 25,780                     1.1                        501,000          180,000       681,000          
2 DISTRIBUTION STEAM UPGRADES 18,857                     0.8                        ---               264,000       264,000          
3 CHILLER UPGRADES (~30% SAVINGS) 18,882                     0.8                        734,000          ---            734,000          
TOTAL ANNUAL ENERGY SAVINGS 242,069                   10.1                       4,032,000       1,936,000    5,968,000       
NOTES: 1. ENERGY UTILITY SAVINGS BASED UPON THE FOLLOWING RATES:
ELECTRIC RATE: $0.133 /KWH
NATURAL GAS RATE: $9.790 /MMBTU
EST. BOILER EFFICIENCY: 70%
FILE: P:\MD\14\114053A0\MP\CALC\4053-HOURLYDATA-ALLBUILDINGS.XLSX RMF 9 FEB 2015
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3.6 SUMMARY OF EXISTING CONDITIONS 
The following is a summary of the existing conditions for the steam, chilled water, 
electric systems, and campus use energy for the UMass Campus. 
Utility Summary of Condition 
Steam • 50,000 pph of reliable steam capacity is available for future loads 
• The metering of the CHP export steam and in-plant steam use is 
recommended 
 • There is an open bay within the CHP for additional steam generation 
equipment 
 • The cogeneration system saves $5.4 million per year 
 • The installation of the proposed utility owned natural gas line will reduce 
the amount of secondary fuel consumed by the campus and is a potential 
savings of $4.7 million per year in annual fuel costs 
 • Replacement of 15% of the steam distribution has been prioritized by the 
university to occur over the next 10 years 
 • Additional medium pressure steam piping is recommended to increase the 
reliability of the distribution system 
Chilled 
Water 
• Approximately 28% of the campus chillers will need to be replaced in the 
next 10 years 
 • There is a potential for a 30% reduction in energy consumption for the 
chilled water system with the identified potential upgrades 
 • Additional chilled water metering is recommended at each plant to trend 
hourly plant output and energy used. 
Electric • The existing switch stations are operating at their reliable capacity limits 
 • Loads on the pair of campus feeders WE/WF need to be transferred to 
maintain reliable capacity 
Building  • There is a potential to reduce the campus energy approximately 10% 
through the following projects. 
o Winter cooling 
o Base load reduction 
o Setback implemented 
o Control issues addressed 
o Chilled water improvements 
o Capital renewal of existing steam distribution piping 
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DIVISION NO. 4 - SYSTEM ANALYSIS 
4.1 OBJECTIVE 
The review of the existing utility infrastructure systems and energy use has identified 
various areas of opportunities for improvement. In order to develop comprehensive 
utility options, the impact of potential future campus growth was incorporated into the 
overall infrastructure evaluation. The following analysis was developed to identify and 
evaluate potential options that address the capital renewal needs, energy efficiency 
goals, and future load increases associated with the campus utility and energy 
infrastructure.  
4.2 FUTURE CAMPUS PLANNING 
The future development of the University of Massachusetts, Amherst (UMass) campus 
is guided by the Campus Master Plan 2012. This includes a 10-year capital plan as well 
as a 50-year vision for the campus. The 10-year capital plan is intended as a guideline 
for funding for campus building projects from 2012 to 2022. These identified projects 
have a very high likelihood of occurring and it is critical that the utility infrastructure is 
prepared to reliably support the associated load growth. The vision beyond 2022 
identifies potential areas of future development that the utility infrastructure must be 
flexible to expand to support the long term campus vision as necessary.  
A site plan of the UMass campus with the most current planning for future projects is 
presented in Figure No. 4-1. The future buildings are color-coded to distinguish between 
projects within the 10-year capital plan (referred to as Phase 1) and projects planned to 
occur after 2022 (Phase 2). 
The projects identified include new building construction as well as renovations of 
existing facilities. At the end of Phase I (2022) the campus building area is projected to 
increase approximately 1.9 million square feet (15%). Subsequently at the end of Phase 
II the campus could potentially grow an additional 5.7 million square feet (50%). The 
total growth could add approximately 7.6 million square feet of additional building space. 
The individual projects for both phases are summarized in Table No. 4-1. 
Construction of the Life Sciences Laboratory (LSL) was recently completed; however, 
occupancy of the facility will occur in two phases. The first phase includes 75% 
occupancy by 2014 with the building being fully occupied by 2016. In addition a new 
6,000 square foot (sf) data center is also planned.  
For each new building project the associated heating, cooling and electric loads were 
estimated based upon the facility type, area and unitary load factors consistent with 
existing campus buildings. These building loads were then utilized to project the  

TABLE NO. 4-1:  FUTURE BUILDING SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
PROJECT PLAN BUILDING BUILDING OCCUPIED ACADEMIC DATA
TYPE YEAR ID NAME AREA AREA /OFFICE LAB CENTER RESIDENTIALASSEMBLY PARKING SUPPORT
(GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF)
PHASE 1 2014
 MCGUIRK STADIUM UPGRADE 55,000       55,000       ---        ---        ---        ---        ---        ---        55,000      
694 LIFE SCIENCE LAB (FIT OUT OF 75% PHASE 1) 395,260     277,260     ---        277,260    ---        ---        ---        ---        ---        
120 PAIGE LABORATORY (FULLY OCCUPIED) 29,561       ---          ---        29,561      ---        ---        ---        ---        ---        
704  INTEGRATIVE LEARNING CENTER (NCAB) 173,000     173,000     173,000    ---        ---        ---        ---        ---        ---        
2015   VZW DAS - LOT 12 3,000        3,000        ---        ---        3,000        ---        ---        ---        ---        
C11 CHAMPIONS CENTER 55,000       55,000       ---        ---        ---        ---        55,000      ---        ---        
2016 B-289 FURCOLO HALL (RENOVATION) 112,163     ---          ---        ---        ---        ---        ---        ---        ---        
694 LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) ---          118,000     ---        118,000    ---        ---        ---        ---        ---        
C1 INTEGRATED DESIGN BUILDING 85,000       85,000       85,000      ---        ---        ---        ---        ---        ---        
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 6,000        6,000        ---        ---        6,000        ---        ---        ---        ---        
80 CHAPEL (FULLY OCCUPIED) 20,758       ---          ---        ---        ---        ---        20,758      ---        ---        
2017 C6 PHYSICAL SCIENCE BUILDING 115,000     115,000     ---        115,000    ---        ---        ---        ---        ---        
C5 SOUTH COLLEGE ACADEMIC FACILITY 80,000       80,000       80,000      ---        ---        ---        ---        ---        ---        
2018 B-37 HILLS HOUSE (DEMO) (102,699)   (102,699)   (102,699) ---        ---        ---        ---        ---        ---        
B-107 BARTLETT HALL (DEMO) (113,750)   (113,750)   (113,750) ---        ---        ---        ---        ---        ---        
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 57,000       57,000       57,000      ---        ---        ---        ---        ---        ---        
2019 B-85 WORCESTER DINING HALL (RENOVATION) 47,294       ---          ---        ---        ---        ---        ---        ---        ---        
B-382 HAMPDEN DINING HALL (RENOVATION) 55,829       ---          ---        ---        ---        ---        ---        ---        ---        
C26 CHP NEW TURBINE ---          ---          ---        ---        ---        ---        ---        ---        ---        
2020 C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES 200,000     200,000     200,000    ---        ---        ---        ---        ---        ---        
2022 C3 UNIVERSITY HEALTH CENTER 88,000       88,000       88,000      ---        ---        ---        ---        ---        ---        
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL 143,000     143,000     143,000    ---        ---        ---        ---        ---        ---        
C13 CENTRAL PARKING STRUCTURE 274,000     ---          ---        ---        ---        ---        ---        274,000    ---        
C47 ACADEMIC/STUDENT LIFE BUILDING 148,000     148,000     148,000    ---        ---        ---        ---        ---        ---        
TOTAL PHASE II 1,926,416  1,386,811  757,551    539,821    9,000        ---        75,758      274,000    55,000      
PHASE II 2 WHITMORE ADDITION/ ADMISSIONS 69,000       69,000       69,000      ---        ---        ---        ---        ---        ---        
C4 LIFE SCINECES LABORATORY PHASE 3 162,000     162,000     ---        162,000    ---        ---        ---        ---        ---        
13 MASS AVENUE PARKING STRUCTURE 278,000     278,000     ---        ---        ---        ---        ---        278,000    ---        
14 MASS AVENUE BUILDING 1 171,000     171,000     171,000    ---        ---        ---        ---        ---        ---        
15 COMMUNITY/ CAMPUS LIFE BUILDING 101,000     101,000     101,000    ---        ---        ---        ---        ---        ---        
16 MASS AVENUE BUILDING 4 62,000       62,000       62,000      ---        ---        ---        ---        ---        ---        
18 FINE ARTS CENTER ADDITION 91,000       91,000       91,000      ---        ---        ---        ---        ---        ---        
21 RECREATION CENTER ADDITION 166,000     166,000     166,000    ---        ---        ---        ---        ---        ---        
23 ACADEMIC/ CAMPUS LIFE BUILDING 2 86,000       86,000       86,000      ---        ---        ---        ---        ---        ---        
25 NATURAL RESOURCES ROAD BUILDING 1 151,000     151,000     151,000    ---        ---        ---        ---        ---        ---        
26 GOVERNOR’S DRIVE BLDG 1 114,000     114,000     114,000    ---        ---        ---        ---        ---        ---        
C25 ANAEROBIC DIGESTION AT AMHERST WWF ---          ---          ---        ---        ---        ---        ---        ---        ---        
27 NORTH BUILDING 1 137,000     137,000     137,000    ---        ---        ---        ---        ---        ---        
28 NORTH PARKING STRUCTURE 1 213,000     213,000     ---        ---        ---        ---        ---        213,000    ---        
31 NORTH BUILDING 2 132,000     132,000     132,000    ---        ---        ---        ---        ---        ---        
32 NORTH RESIDENCE 3 64,000       64,000       ---        ---        ---        64,000      ---        ---        ---        
33 NORTH RESIDENCE 2 70,000       70,000       ---        ---        ---        70,000      ---        ---        ---        
34 NORTH RESIDENCE 1 63,000       63,000       ---        ---        ---        63,000      ---        ---        ---        
35 WEST CORE BUILDING 1 175,000     175,000     175,000    ---        ---        ---        ---        ---        ---        
36 WEST CORE BUILDING 2 172,000     172,000     172,000    ---        ---        ---        ---        ---        ---        
37 NATURAL RESOURCES ROAD BUILDING 2 101,000     101,000     101,000    ---        ---        ---        ---        ---        ---        
38 WEST CORE BUILDING 3 58,000       58,000       58,000      ---        ---        ---        ---        ---        ---        
40 NORTHWEST RESIDENCE 6 65,000       65,000       ---        ---        ---        65,000      ---        ---        ---        
42 NORTHWEST RESIDENCE 4 87,000       87,000       ---        ---        ---        87,000      ---        ---        ---        
43 NORTHWEST RESIDENCE 3 82,000       82,000       ---        ---        ---        82,000      ---        ---        ---        
44 NORTHWEST RESIDENCE 2 78,000       78,000       ---        ---        ---        78,000      ---        ---        ---        
45 NORTHWEST RESIDENCE 1 58,000       58,000       ---        ---        ---        58,000      ---        ---        ---        
46 NORTHWEST RESIDENCE 5 85,000       85,000       ---        ---        ---        85,000      ---        ---        ---        
48 ACADEMIC/ CAMPUS LIFE BUILDING 2 148,000     148,000     148,000    ---        ---        ---        ---        ---        ---        
49 HOLDSWORTH ADDITION 26,000       26,000       26,000      ---        ---        ---        ---        ---        ---        
53 ACADEMIC BUILDING/ INTEGRATED DESIGN 86,400       86,400       86,400      ---        ---        ---        ---        ---        ---        
54 ARTS AND HUMANITIES/ COMMUNITY BUILDING 102,000     102,000     102,000    ---        ---        ---        ---        ---        ---        
55 NO. PLEASANT ST. EAST AREA BUILDING 128,000     128,000     128,000    ---        ---        ---        ---        ---        ---        
57 THATCHER ROAD BUILDING 1 161,000     161,000     161,000    ---        ---        ---        ---        ---        ---        
58 SOUTHEAST PARKING STRUCTURE 216,000     216,000     ---        ---        ---        ---        ---        216,000    ---        
59 CAMPUS COMMUNITY BUILDING 274,000     274,000     274,000    ---        ---        ---        ---        ---        ---        
TABLE NO. 4-1:  FUTURE BUILDING SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
PROJECT PLAN BUILDING BUILDING OCCUPIED ACADEMIC DATA
TYPE YEAR ID NAME AREA AREA /OFFICE LAB CENTER RESIDENTIALASSEMBLY PARKING SUPPORT
(GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF)
PHASE II 60 ACADEMIC RESEARCH/ SPHHS 106,000     106,000     106,000    ---        ---        ---        ---        ---        ---        
(CONT.) 62 MASS AVENUE RESIDENCE 5 61,000       61,000       ---        ---        ---        61,000      ---        ---        ---        
63 MASS AVENUE RESIDENCE 4 70,000       70,000       ---        ---        ---        70,000      ---        ---        ---        
64 MASS AVENUE RESIDENCE 3 79,000       79,000       ---        ---        ---        79,000      ---        ---        ---        
65 MASS AVENUE RESIDENCE 2 41,000       41,000       ---        ---        ---        41,000      ---        ---        ---        
67 MASS AVENUE BUILDING 5 61,000       61,000       61,000      ---        ---        ---        ---        ---        ---        
68 NATURAL HISTORY MUSEUM 61,000       61,000       61,000      ---        ---        ---        ---        ---        ---        
71 MASS AVENUE BUILDING 2 168,000     168,000     168,000    ---        ---        ---        ---        ---        ---        
77 MASS AVENUE BUILDING 3 94,000       94,000       94,000      ---        ---        ---        ---        ---        ---        
78 EAST PLEASANT ST. RESIDENCE 1 65,000       65,000       ---        ---        ---        65,000      ---        ---        ---        
79 EAST PLEASANT ST. RESIDENCE 2 50,000       50,000       ---        ---        ---        50,000      ---        ---        ---        
80 EAST PLEASANT ST. RESIDENCE 4 67,000       67,000       ---        ---        ---        67,000      ---        ---        ---        
81 ORCHARD HILL RESIDENCE 1 68,000       68,000       ---        ---        ---        68,000      ---        ---        ---        
82 ORCHARD HILL RESIDENCE 2 68,000       68,000       ---        ---        ---        68,000      ---        ---        ---        
85 ACADEMIC RESEARCH/ PHYSICAL SCIENCES 94,000       94,000       94,000      ---        ---        ---        ---        ---        ---        
86 ACADEMIC RESEARCH/ PHYSICAL SCIENCES 163,000     163,000     163,000    ---        ---        ---        ---        ---        ---        
87 NATURAL RESOURCES ROAD BUILDING 3 152,000     152,000     152,000    ---        ---        ---        ---        ---        ---        
94 NO. HADLEY RD. EXT. RESIDENCE 1 8,000        8,000        ---        ---        ---        8,000        ---        ---        ---        
95 LINCOLN AVE. RESIDENCE 9,000        9,000        ---        ---        ---        9,000        ---        ---        ---        
96 PHILLIPS ST. EXT. RESIDENCE 1 7,000        7,000        ---        ---        ---        7,000        ---        ---        ---        
97 PHILLIPS ST. EXT. RESIDENCE 2 6,000        6,000        ---        ---        ---        6,000        ---        ---        ---        
98 PHILLIPS ST. EXT. RESIDENCE 3 11,000       11,000       ---        ---        ---        11,000      ---        ---        ---        
99 PHILLIPS ST. EXT. RESIDENCE 4 8,000        8,000        ---        ---        ---        8,000        ---        ---        ---        
100 PHILLIPS ST. EXT. RESIDENCE 5 6,000        6,000        ---        ---        ---        6,000        ---        ---        ---        
101 PHILLIPS ST. EXT. RESIDENCE 6 11,000       11,000       ---        ---        ---        11,000      ---        ---        ---        
102 NO. HADLEY RD. EXT. RESIDENCE 2 6,000        6,000        ---        ---        ---        6,000        ---        ---        ---        
103 NO. HADLEY RD. EXT. RESIDENCE 3 8,000        8,000        ---        ---        ---        8,000        ---        ---        ---        
104 NO. HADLEY RD. EXT. RESIDENCE 4 8,000        8,000        ---        ---        ---        8,000        ---        ---        ---        
105 PHILLIPS ST. EXT. RESIDENCE 7 6,000        6,000        ---        ---        ---        6,000        ---        ---        ---        
106 PHILLIPS ST. EXT. RESIDENCE 9 11,000       11,000       ---        ---        ---        11,000      ---        ---        ---        
107 PHILLIPS ST. EXT. RESIDENCE 8 8,000        8,000        ---        ---        ---        8,000        ---        ---        ---        
108 PHILLIPS ST. EXT. RESIDENCE 10 6,000        6,000        ---        ---        ---        6,000        ---        ---        ---        
115 PAIGE REPLACEMENT BUILDING 170,000     170,000     170,000    ---        ---        ---        ---        ---        ---        
117 EAST PLEASANT ST. RESIDENCE 3 56,000       56,000       ---        ---        ---        56,000      ---        ---        ---        
118 MASS AVENUE RESIDENCE 1 164,000     164,000     ---        ---        ---        164,000    ---        ---        ---        
122 ACADEMIC RESEARCH/ SPHHS 16,000       16,000       16,000      ---        ---        ---        ---        ---        ---        
123 ACADEMIC RESEARCH/ SPHHS 55,000       55,000       55,000      ---        ---        ---        ---        ---        ---        
124 ACADEMIC RESEARCH/ PHYSICAL SCIENCES 80,000       80,000       80,000      ---        ---        ---        ---        ---        ---        
125 DICKINSON ADDITION 53,000       53,000       53,000      ---        ---        ---        ---        ---        ---        
176 HAZARDOUS WASTE MATERIALS FACILITY 36,000       36,000       ---        ---        ---        ---        ---        ---        36,000      
169 CHP ALTERNATIVE ENERGY BOILER ADDITION 38,000       38,000       ---        ---        ---        ---        ---        ---        38,000      
B-7 BERKSHIRE HOUSE (DEMO) (21,958)     (21,958)     ---        ---        ---        ---        ---        ---        (21,958)   
B-8 HAMPSHIRE HOUSE (DEMO) (21,634)     (21,634)     ---        ---        ---        ---        ---        ---        (21,634)   
B-9 MIDDLESEX HOUSE (DEMO) (21,727)     (21,727)     (21,727)   ---        ---        ---        ---        ---        ---        
B-13 LINCOLN APARTMENTS UNIT 1 (DEMO) (7,815)       (7,815)       ---        ---        ---        (7,815)     ---        ---        ---        
B-15 LINCOLN APARTMENTS UNIT 3 (DEMO) (5,622)       (5,622)       ---        ---        ---        (5,622)     ---        ---        ---        
B-16 LINCOLN APARTMENTS UNIT 4 (DEMO) (4,520)       (4,520)       ---        ---        ---        (4,520)     ---        ---        ---        
B-17 LINCOLN APARTMENTS UNIT 5 (DEMO) (11,333)     (11,333)     ---        ---        ---        (11,333)   ---        ---        ---        
B-18 LINCOLN APARTMENTS UNIT 6 (DEMO) (6,793)       (6,793)       ---        ---        ---        (6,793)     ---        ---        ---        
B-19 LINCOLN APARTMENTS UNIT 7 (DEMO) (4,596)       (4,596)       ---        ---        ---        (4,596)     ---        ---        ---        
B-20 LINCOLN APARTMENTS UNIT 8 (DEMO) (4,509)       (4,509)       ---        ---        ---        (4,509)     ---        ---        ---        
B-21 LINCOLN APARTMENTS UNIT 9 (DEMO) (4,618)       (4,618)       ---        ---        ---        (4,618)     ---        ---        ---        
B-22 LINCOLN APARTMENTS UNIT 10 (DEMO) (5,193)       (5,193)       ---        ---        ---        (5,193)     ---        ---        ---        
B-23 LINCOLN APARTMENTS UNIT 11 (DEMO) (4,656)       (4,656)       ---        ---        ---        (4,656)     ---        ---        ---        
B-38 BLAISDELL HOUSE (DEMO) (4,786)       (4,786)       (4,786)     ---        ---        ---        ---        ---        ---        
B-72 ANIMAL ISOLATION LABORATORY (DEMO) (3,318)       (3,318)       (3,318)     ---        ---        ---        ---        ---        ---        
B-73 THAYER ANIMAL DISEASE LABORATORY (DEMO) (2,854)       (2,854)       (2,854)     ---        ---        ---        ---        ---        ---        
B-84 CLARK HALL GREENHOUSE (DEMO) (3,605)       (3,605)       (3,605)     ---        ---        ---        ---        ---        ---        
B-88 DRAPER HALL ANNEX (DEMO) (8,037)       (8,037)       (8,037)     ---        ---        ---        ---        ---        ---        
B-93 AGRICULTURAL ENGINEERING BLDG SOUTH (DEMO) (17,219)     (17,219)     (17,219)   ---        ---        ---        ---        ---        ---        
B-94 AGRICULTURAL ENGINEERING BLDG NORTH (DEMO) (12,546)     (12,546)     (12,546)   ---        ---        ---        ---        ---        ---        
B-101 CHENOWETH LABORATORY (DEMO) (11,402)     (11,402)     (11,402)   ---        ---        ---        ---        ---        ---        
TABLE NO. 4-1:  FUTURE BUILDING SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
PROJECT PLAN BUILDING BUILDING OCCUPIED ACADEMIC DATA
TYPE YEAR ID NAME AREA AREA /OFFICE LAB CENTER RESIDENTIALASSEMBLY PARKING SUPPORT
(GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF)
PHASE II B-105 FRENCH HALL GREENHOUSE (DEMO) (13,990)     (13,990)     (13,990)   ---        ---        ---        ---        ---        ---        
(CONT.) B-120 PAIGE LABORATORY (DEMO) (29,561)     (29,561)     (29,561)   ---        ---        ---        ---        ---        ---        
B-127 MORRILL SCIENCE CENTER II (DEMO) (90,682)     (90,682)     (90,682)   ---        ---        ---        ---        ---        ---        
B-168 WEST EXPERIMENT STATION (DEMO) (14,474)     (14,474)     (14,474)   ---        ---        ---        ---        ---        ---        
B-170 PHYSICAL PLANT BUILDING (DEMO) (63,815)     (63,815)     ---        ---        ---        ---        ---        ---        (63,815)   
B-290 MORRILL SCIENCE CENTER III (DEMO) (65,657)     (65,657)     (65,657)   ---        ---        ---        ---        ---        ---        
B-292 COLD STORAGE BUILDING (DEMO) (18,963)     (18,963)     ---        ---        ---        ---        ---        ---        (18,963)   
B-293 ENGINEERING SHOPS BUILDING (DEMO) (44,968)     (44,968)     (44,968)   ---        ---        ---        ---        ---        ---        
B-318 HASBROUCK LABORATORY ADDITION (DEMO) (75,761)     (75,761)     (75,761)   ---        ---        ---        ---        ---        ---        
B-344 CHENOWETH LABORATORY ADDITION (DEMO) (47,277)     (47,277)     (47,277)   ---        ---        ---        ---        ---        ---        
B-387 AGRICULTURAL ENGINEERING BUILDING CENTRAL (DEMO)(15,719)     (15,719)     (15,719)   ---        ---        ---        ---        ---        ---        
B-398 PHYSICAL PLANT BUILDING ADDITION (DEMO) (94,350)     (94,350)     ---        ---        ---        ---        ---        ---        (94,350)   
B-534 SOLAR HABITAT (DEMO) (1,383)       (1,383)       (1,383)     ---        ---        ---        ---        ---        ---        
B-546 PVTA BUS FACILITY BUILDING (DEMO) (32,298)     (32,298)     ---        ---        ---        ---        ---        ---        (32,298)   
TOTAL PHASE II 5,689,761  5,689,761  3,499,434 162,000    ---        1,500,345 ---        707,000    (179,018) 
TOTAL FUTURE GROWTH 7,616,177  7,076,572  4,256,985 701,821    9,000        1,500,345 75,758      981,000    (124,018) 
NOTES: 1.  FUTURE PHASE I BUILDINGS BASED UPON "2012-2021 CAPITAL IMPROVEMENT PROJECTS" (JUNE 2013)
 AND DATA PROVIDED BY DESIGN & CONSTRUCTION MANAGEMENT (5/9/14)
2.  FUTURE PHASE II BUILDINGS BASED UPON "UMASS AMHERST CAMPUS MASTER PLAN" (APRIL 2012)
3.                      INDICATES EXISTING BUILDING TO BE DEMOLISHED OR RENOVATED
FILE: P:\MD\14\114053A0\MP\CALC\4053-BLDG-SUM.XLSX RMF 9 FEB 2015
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steam, electric and chilled water utility requirements necessary to evaluate 
infrastructure options to ensure reliable utility service.  
Options for each utility system were developed and ranked based upon economics, 
energy and carbon impacts, and qualitative advantages. The final recommend approach 
is established based upon a review of campus energy and carbon commitments 
identified at the end of this division. 
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4.3 STEAM SYSTEM ANALYSIS 
4.3.1 Future Steam Load 
The estimated steam loads for future buildings on the UMass campus are summarized 
in Table No. 4-2. The estimated building loads are consistent with the peak loads of the 
individual facilities based upon metered data. The existing system diversity factor was 
applied to the individual future building loads to quantify the impact on the central steam 
system. 
At the end of the first phase of future development (2022) the following steam loads are 
projected: 
Coincident peak system load:  261,000 pph 
Plant export load including distribution losses: 298,000 pph 
In-plant steam use: 52,000 pph 
Peak boiler load:  354,000 pph 
A comparison of the future load development and the existing steam generation 
capacity for the CHP is presented in Figure No. 4-2. At the end of Phase 1 (2022) the 
campus peak steam load will be equal to the firm boiler capacity. Any additional load 
beyond the Phase 1 estimate will require the installation of additional steam generation. 
Assuming the campus will continue to develop beyond 2022, additional steam 
generation capacity should be planned to be on-line prior to the end of 2022. 
Considering a multi-year construction period, air permitting timeframe, selection and 
design period as well as the development of funding requests and approval; planning for 
the next increment of steam capacity should begin within the short term. 
4.3.2 Future Generation Analysis  
To maintain consistency with the existing unit sizes and firm capacity as well as 
maximize existing available space, an incremental steam capacity increase of 125,000 
pph at a steam pressure of 200 psig was targeted. The following three approaches to 
increasing the system capacity at the central heating plant were developed: 
• Add a natural gas-fired packaged boiler 
• Expand existing cogeneration system with an additional combustion turbine 
• Add a biomass boiler system 
The first approach of adding a natural gas-fired package boiler is the lowest cost 
alternative and considered the baseline approach. The other two approaches will have 
higher capital costs, but will also have the potential of reducing annual fuel costs and 
carbon emissions. Each approach is further described in the following sections which  
TABLE NO. 4-2:  FUTURE BUILDING STEAM LOAD SUMMARY (NEAR TERM)
UNIVERSITY OF MASSACHUSETTS, AMHERST
STEAM LOAD
CONDITIONED ACADEMIC DATA CONNECTED PEAK INCREMEN. TOTAL
YEAR PLAN BUILDING BUILDING /OFFICE LAB CENTER RESIDENTIAL ASSEMBLY SUPPORT BUILDING BUILDING BOILER BOILER
ID BUILDING NAME AREA AREA [36 BTU/GSF] [75 BTU/GSF] [5 BTU/GSF] [28 BTU/GSF] [32 BTU/GSF] [32 BTU/GSF] LOAD LOAD LOAD OUTPUT
(GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (PPH) (PPH) (PPH) (PPH)
EXISTING SITE (JANUARY 2014) 10,944,947  10,648,502  300,000     
9/2014  MCGUIRK STADIUM UPGRADE 55,000         ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           300,000     
120 PAIGE LABORATORY (FULLY OCCUPIED) 29,561         29,561         ---            29,561         ---            ---            ---            ---            2,200         1,430         1,730         301,730     
694 LIFE SCIENCE LAB (FIT OUT OF 75% PHASE 1) ---            178,450       ---            178,450       ---            ---            ---            ---            13,400       8,710         10,520       312,250     
704  INTEGRATIVE LEARNING CENTER (NCAB) 173,000       173,000       173,000       ---            ---            ---            ---            ---            6,200         4,030         4,870         317,120     
2015   VZW DAS - LOT 12 3,000           ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           317,120     
C11 CHAMPIONS CENTER 55,000         55,000         ---            ---            ---            ---            55,000         ---            1,800         1,170         1,410         318,530     
2016 B-289 FURCOLO HALL (RENOVATION) 112,163       ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           318,530     
694 LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) ---            118,000       ---            118,000       ---            ---            ---            ---            8,900         5,785         6,990         325,520     
C1 INTEGRATED DESIGN BUILDING 85,000         85,000         85,000         ---            ---            ---            ---            ---            3,100         2,015         2,430         327,950     
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 6,000           6,000           ---            ---            6,000           ---            ---            ---            ---           ---           ---           327,950     
80 CHAPEL (FULLY OCCUPIED) 20,758         20,758         ---            ---            ---            ---            20,758         ---            700            455            550            328,500     
2017 C6 PHYSICAL SCIENCE BUILDING 115,000       115,000       ---            115,000       ---            ---            ---            ---            8,600         5,590         6,750         335,250     
C5 SOUTH COLLEGE ACADEMIC FACILITY 80,000         80,000         80,000         ---            ---            ---            ---            ---            2,900         1,885         2,280         337,530     
2018 B-37 HILLS HOUSE (DEMO) (102,699)      (102,699)      (102,699)     ---            ---            ---            ---            ---            (3,700)        (2,405)        (2,900)        334,630     
B-107 BARTLETT HALL (DEMO) (113,750)      (113,750)      (113,750)     ---            ---            ---            ---            ---            (4,100)        (2,665)        (3,220)        331,410     
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 57,000         57,000         57,000         ---            ---            ---            ---            ---            2,100         1,365         1,650         333,060     
2019 B-85 WORCESTER DINING HALL (RENOVATION) 47,294         ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           333,060     
B-382 HAMPDEN DINING HALL (RENOVATION) 55,829         ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           333,060     
C26 CHP NEW TURBINE ---            ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           333,060     
2020 C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES 200,000       200,000       200,000       ---            ---            ---            ---            ---            7,200         4,680         5,650         338,710     
2022 C3 UNIVERSITY HEALTH CENTER 88,000         88,000         88,000         ---            ---            ---            ---            ---            3,200         2,080         2,510         341,220     
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL 143,000       143,000       143,000       ---            ---            ---            ---            ---            5,100         3,315         4,000         345,220     
C13 CENTRAL PARKING STRUCTURE 274,000       ---            ---            ---            ---            ---            ---            ---            ---           ---           ---           345,220     
C47 ACADEMIC/STUDENT LIFE BUILDING 148,000       148,000       148,000       ---            ---            ---            ---            ---            5,300         3,445         4,160         349,380     
SUBTOTAL FOR PHASE I 1,531,156    1,280,320    757,551       441,011       6,000           ---            75,758         ---            62,900       40,885       49,380       ---           
12% 16%
NOTES: 1.  FUTURE PHASE I BUILDINGS BASED UPON "2012-2021 CAPITAL IMPROVEMENT PROJECTS" (JUNE 2013)
2.  FUTURE PHASE II BUILDINGS BASED UPON "UMASS AMHERST CAMPUS MASTER PLAN" (APRIL 2012)
3.                      INDICATES EXISTING BUILDING TO BE DEMOLISHED OR RENOVATED
4.  FUTURE UNITARY FACTORS BASED UPON EXISTING BUILDING METER DATA.  FUTURE LAB SPACE BASED UPON DESIGN DATA FOR PHYSICAL SCIENCE BUILDING
5.  INCREMENTAL LOAD INCLUDES 15% INCREASE FOR IN-PLANT STEAM USE, 5% FOR DISTRIBUTION LOSSES, AND 0.65 DIVERSITY FACTOR
FILE: P:\MD\14\114053A0\MP\CALC\4053-BLDG-SUM.XLSX RMF 9 FEB 2015
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FIGURE NO. 4-2:  PROJECTED STEAM LOAD vs. 
BOILER CAPACITY
UNIVERSITY OF MASSACHUSETTS - AMHERST
PEAK BOILER LOAD (WINTER CONDITION @-10F)
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also include potential sub-options for cogeneration capacity ranges and system 
configurations.  
4.3.2.1 Option No. 1: Add a Natural Gas Boiler 
This baseline option includes the addition of a 125,000 pph natural gas boiler as 
indicated in the floor plan presented in Figure No. 4-3. The unit would be designed with 
an operating pressure of 200 psig and be primarily considered a supplemental unit. The 
estimated cost for this option is approximately $10.7 million.  
The new boiler would be capable of burning natural gas or no. 2 fuel oil. The existing 
cogeneration system would function as currently operated.  
4.3.2.2 Option No. 2: Expand Existing Cogeneration System  
This option includes the expansion of the existing cogeneration system with a second 
combustion turbine. The existing unit is fully utilized under the existing load profile and 
the minimum steam load is nearly twice the unfired steam rate of the HRSG. A second 
combustion turbine and HRSG set would increase the plant unfired steam rate and 
cogeneration capability. A duct burner would be incorporated with the new HRSG to 
ensure adequate steam generation capacity.  
Ideally the new combustion turbine would be installed within the existing CHP. Various 
size units were considered within the space available in the existing CHP. The largest 
combustion turbine that the existing space will accommodate is a Solar Taurus 70 which 
can generate 8.0 MW of electric power and combined with an HRSG and duct burner 
can produce 100,000 pph of superheated steam, which is equivalent to 115,000 pph of 
200 psig. This is slightly less than the targeted output of 125,00 pph.  
Three configurations of the Solar Taurus 70 are presented in Figure No. 4-4. The linear 
layout which includes the HRSG located above the trench within the building is the 
preferred approach. A stack configuration would reduce the length of the unit, but due to 
the configuration of the existing curved roof this approach is not ideal. The combustion 
turbine could be installed adjacent to the HRSG, but this would increase the pressure 
drop through the HRSG, reducing the efficiency and is not recommended.  
The cost for this option is estimated to be approximately $35 million which includes fuel 
supply, electrical connections, controls, emission systems, HRSG, etc... 
Plant operation under this option would include the parallel operation of both 
combustion turbines providing approximately 72,000 pph of unfired steam with 
supplemental steam supply from each duct-burner up to a total steam output of 
approximately 200,000 pph. Savings for this option are based primarily on expanding 
the current first tier of savings range from 0 to 40,000 pph to 72,000 pph. This range 
from Table No. 3-2 saved $12.00 per mlb of steam supplied compared to the next tier  
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which costs approximately $5.00 mlb. Therefore this option results in a total savings of 
nearly $17.00 per mlb of unfired steam generated by 8.0 MW turbine 
In addition to the 8.0 MW combustion turbine size units at 10.0 MW and 12.0 MW were 
also evaluated. The larger units; however would have to be installed in a separate 
facility. In addition the utilization rate for the cogeneration system of the larger units 
would be lower because the existing electric load would be less than the larger 
cogeneration capacity more often. 
4.3.2.3 Option No. 3: Add a Biomass Boiler System 
With the concerns regarding the availability of future natural gas supplies, the higher 
cost of secondary fuels and the desire to reduce carbon emissions, a potential biomass 
boiler system was considered. Biomass fuels are available in a gaseous, liquid or solid 
form. The most common biogas is a bi-product of a decaying material at landfill sites.  
Liquid biofuels are typically waste oils or derivatives that are gathered and refined at an 
offsite location and would be delivered to the boiler plant for storage. Typically these 
liquid fuels are similar in heat content to no. 2 or diesel oil; therefore, it may be feasible 
to utilize these fuels without major modifications to existing oil burners. However, 
currently potential liquid biofuels cost more than natural gas delivered by the pipeline 
and have higher emission rates. The use of liquid biofuel to offset the use of no. 2 oil 
fuel could be considered, if there is an economic or environmental advantage. There is 
currently not an adequate local supply to operate a 100,000 pph boiler solely on liquid 
biofuel. Therefore, liquid biofuel was not included as an option when evaluating new 
boiler capacity, though it may be a future option to reduce current no. 2 oil use. 
The most prevalent solid biomass fuel in the region is wood or wood products (waste, 
chips, pellets, etc…). The Wood Availability for UMass Amherst Central Heating Plant 
Fuel Oil Replacement Project study identified the availability of the solid fuel, but there 
were three major caveats to the findings: 
• Companies in the western part of Massachusetts have not invested as much in 
biomass harvesting and processing equipment as the eastern portion because 
of lack of stable market 
• The potential for new proposed biomass facilities competing for the limited fuel. 
• Confidence in regulators by both public and private industry has been 
undermined by several factors 
o Heated controversy over timber harvesting 
o The decision to postpone the 2007 update of the Massachusetts Forest 
Cutting Practices Act Regulations 
o The Massachusetts Department of Energy Resources proposed (2012) 
final biomass regulations.  
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The footprint of the boiler burning solid fuel system is similar to one that burns natural 
gas. However, the biomass boiler requires the fuel handling equipment, ash handling 
equipment, and air emission equipment (e.g. Selective Catalytic Reduction (SCR), 
precipitator). These additional pieces of equipment limit the size of the boiler within the 
existing CHP.  
Two sizes were considered for the biomass boiler. The first size was to based upon the 
maximum capacity unit which would be installed within the CHP only. The second size 
was a boiler with a capacity of 100,000 pph installed in a separate facility that would be 
constructed near the existing CHP. 
A recent study commissioned by UMass evaluated the option of a biomass system 
within the CHP. The study recommended the installation of a gasification system with a 
maximum steam capacity of 60,000 pph. This capacity is less than the baseline and 
cogeneration options, and therefore this option results in a lower firm capacity. A boiler 
layout of this option is presented in Figure No. 4-5. The plant would utilize wood chips, 
yard debris, and sawmill residue and would require the following equipment: 
• New covered storage system located southwest of the CHP 
• Fuel conveying system 
• New boiler system 
• Air pollution equipment 
The separate storage facility would have a capacity for 14 days worth of storage to 
operate the biomass system at full capacity and it was estimated during peak condition 
there would be 15 trucks per day. A general site location of the storage facility is 
presented in Figure No. 4-6.  
The 2010 study identified a construction cost of $20 million for this option, which only 
provides 60,000 pph of additional capacity. With escalation and soft costs, the project 
cost would be $33.4 million.  
Environmentally, the burning of biomass could be considered carbon neutral; however, 
it is not definitive that burning will be considered a carbon neutral operation within the 
state of Massachusetts in the future. Without the certainty of carbon neutral advantage 
the biomass system represents a more expensive option. 
The 60,000 pph boiler was evaluated in two modes of operations and steam pressures. 
The first mode was based upon supplementing the unfired steam from the combustion 
turbine at a steam pressure of 600 psig, for power generation through the existing 
steam turbines. The biomass boiler would essentially be base loaded with the duct 
burner used when the steam load exceeds 100,000 pph.  
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The second mode of operation was to use the biomass system to operate instead of 
utilizing secondary fuels (LNG or diesel fuel). At this operating condition the biomass 
boiler could operate at medium pressure (200 psig). 
The cost of fuel for this system is estimated to average $6.75 to $7.25 per MMBtu. 
An alternative is a new 100,000 pph biomass boiler constructed in a new factility that 
would operate at high pressure (600 psig) in the base loaded operation. The estimate 
cost for this option is approximately $68.1 million, which includes the cost for the boiler 
system and a new plant. 
4.3.3 Evaluation of Options 
The following factors were identified for each of the options considered:  
• Life Cycle Costs 
• Carbon Reduction 
• Steam Operation and Qualitative Advantages 
4.3.3.1 Life Cycle Costs Analysis 
The annual operating costs were estimated for each year of anticipated operation for a 
total of 25 years. Because of the anticipated funding, permitting, design and 
construction process the first year of operation for the additional steam generation was 
assumed to be 2021.  
In order to estimate the annual costs for each option a computer model was developed 
to simulate the hourly plant operation. The model was based upon the load profile from 
the years 2013 and 2014. The hourly utility loads were incremented upward based upon 
the projected peak load growth to estimate the hourly loads (steam, electric, and chilled 
water) for the corresponding year. Power was generated when cost effective, based 
upon the fuel source and electric rate. For each option, the summer steam use was 
economically matched to the cogeneration system based upon the use of absorption 
cooling.  
Based upon anticipated campus energy conservation measures a slight load reduction 
of 10% was phased in from 2015 through 2018. The results of the energy modeling 
provide the annual fuel (natural gas and liquid natural gas) and electric use and costs 
for each of the 25-years. 
Because of the uncertainty of the natural gas supply through the regional pipeline, two 
scenarios were modeled. The first scenario included a regional pipeline expansion that 
resulted in no natural gas limits beginning in year 2018. The second scenario is based 
upon the current natural gas daily limits extended throughout all 25 years of modeled 
operation. 
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Each option was modeled for an entire year of operation. The annual energy 
consumption and costs were tabulated and the option was then modeled for the 
succeeding year. This process was repeated until all 25 years of operation had been 
modeled and the annual results were tabulated. Utility rate escalation factors were 
applied to the annual utility costs to estimate the projected fuel costs for each year of 
operation. These projected costs were then converted to a present value utilizing a 5% 
discount rate. Summing these values for each year, the total present value of the annual 
operating costs was developed.  
The estimated capital cost was added to the present value of annual operating costs to 
sum a total present value of life cycle costs for each option. The development of the 
annual costs for each option is presented in Division No. 5 – Appendix. 
A summary of the first year operating costs as well as the present value of the operating 
costs over the 25-year period is presented in Table No. 4-3. 
The option with the lowest life cycle costs is the installation of an additional combustion 
turbine within the existing plant facility. This option has a 7-year simple payback period 
under the initial scenario of an increase in the daily natural gas limits. If the current limits 
remain in place throughout the life cycle, the combustion turbine option is still the most 
cost effective approach with the simple payback period increased to 8 years.  
4.3.3.2 Carbon Reduction Analysis 
The carbon emissions for each option are compared in Table No. 4-4. If wood is 
considered carbon neutral, then the biomass boilers options have the largest savings. 
The installation of the 8.0 MW combustion turbine would generate more electricity on 
site allowing the university to generate approximately 97% of the campus electric load. 
This would result in a 3,600 tons per year of carbon reduction compared to the baseline 
option. This reduction is not as significant as other states because of how the electric 
power in Massachusetts is generated. 
The Environmental Protection Agency (EPA) has identified that carbon emission rate for 
electric purchased from the Western Massachusetts Electric Company (WMECO) to be 
722 pounds per megawatt hour (lb/MWh) purchased, which is much lower than the 
national average which is 1,232 lb/MWh. 
4.3.3.3 Operational Considerations 
The baseline option and the 8.0 MW cogeneration option would have little impact on 
current system operations and labor requirements. The biomass boiler would require 
additional staff for fuel handling and storage, and training for equipment operations. 
  
TABLE NO. 4-3:  PRESENT VALUE SUMMARY - COGENERATION ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS SUMMARY ANNUAL COSTS $2014 (2022)
COST IN $2014
PREMIUM 25-YEAR
NG. BIOMASS COMBUSTION NEW FOR ADD. PRESENT NATURAL BIOMASS ADDITIONAL TOTAL TOTAL
OPTION DESCRIPTION BOILER BOILER TURBINE BUILDING ABS CHILLER VALUE OF ELECTRIC GAS FUEL MAINT. FUEL PRESENT SIMPLE
NO. COSTS COSTS COSTS COSTS OR BP TURB COSTS COSTS COSTS COSTS COSTS COSTS VALUE PAYBACK
($) ($) ($) ($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) (YRS)
1A NEW BOILER 10,770,000       ---               ---               ---               ---               9,400,000         6,287,000         20,511,000       ---               ---               26,798,000       554,846,000     ---             
2A 8.0 MW COMB. TURB. ---               ---               34,840,000       ---               ---               30,500,000       1,397,000         22,072,600       ---               ---               23,469,600       531,631,000     7.23                
3A 10.0 MW COMB. TURB. ---               ---               42,930,000       12,380,000       ---               48,300,000       987,000            22,866,500       ---               ---               23,853,500       554,627,000     15.13              
4A 12.0 MW COMB. TURB. ---               ---               48,920,000       12,380,000       ---               53,600,000       740,000            22,883,000       ---               ---               23,623,000       556,846,000     15.91              
5A HP BIOMASS BOILER(60,000 PPH) ---               33,380,000       ---               ---               ---               29,200,000       6,287,000         13,451,400       6,406,700         400,000            26,545,100       571,253,000     89.40              
5B MP BIOMASS BOILER(60,000 PPH) ---               33,380,000       ---               ---               ---               29,200,000       6,287,000         19,692,500       764,100            400,000            27,143,600       579,801,000     (65)                   
5C HP BIOMASS BOILER(100,000 PPH) ---               55,730,000       ---               12,380,000       ---               59,500,000       6,287,000         10,948,100       8,705,400         400,000            26,340,500       598,829,000     125.33            
NOTES: 1.PRESENT VALUE BASE UPON THE FOLLOWING FACTORS:
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2. ENERGY RATES BASED UPON THE FOLLOWING:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
BIOMASS: $7.22 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 10 FEB 2015
TABLE NO. 4-4:  CARBON REDUCTION ANALYSIS - COGENERATION ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS SUMMARY
COST IN $2014
PREMIUM TOTAL 25-YEAR
NG. BIOMASS COMBUSTION NEW FOR ADD. TOTAL PRESENT ANNUAL TOTAL
OPTION DESCRIPTION BOILER BOILER TURBINE BUILDING ABS CHILLER CAPITAL VALUE OF FUEL PRESENT SIMPLE CO2 CO2
NO. COSTS COSTS COSTS COSTS OR BP TURB COSTS COSTS COSTS VALUE PAYBACK [2022] SAVINGS
($) ($) ($) ($) ($) ($) ($) ($/YR) ($) (YRS) (TPY) (TPY)
1A NEW BOILER 10,770,000      ---              ---              ---              ---              10,770,000      9,400,000        26,798,000      554,846,000    ---            126,700         ---            
2A 8.0 MW COMB. TURB. ---              ---              34,840,000      ---              ---              34,840,000      30,500,000      23,469,600      531,631,000    7.23               123,100         3,600             
3A 10.0 MW COMB. TURB. ---              ---              42,930,000      12,380,000      ---              55,310,000      48,300,000      23,853,500      554,627,000    15.13             126,400         300                
4A 12.0 MW COMB. TURB. ---              ---              48,920,000      12,380,000      ---              61,300,000      53,600,000      23,623,000      556,846,000    15.91             125,900         800                
5A HP BIOMASS BOILER(60,000 PPH) ---              33,380,000      ---              ---              ---              33,380,000      29,200,000      26,545,100      571,253,000    89.40             88,400           38,300           
5B MP BIOMASS BOILER(60,000 PPH) ---              33,380,000      ---              ---              ---              33,380,000      29,200,000      27,143,600      579,801,000    (65)                  122,300         4,400             
5C HP BIOMASS BOILER(100,000 PPH) ---              55,730,000      ---              12,380,000      ---              68,110,000      59,500,000      26,340,500      598,829,000    125.33           74,900           51,800           
NOTES: 1.PRESENT VALUE BASE UPON THE FOLLOWING FACTORS:
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2. ENERGY RATES BASED UPON THE FOLLOWING:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
BIOMASS: $7.22 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 10 FEB 2015
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4.3.3.4 Heating System Recommendation 
Based upon the best life cycle costs and least impact on plant operations, Option No. 2 
(8.0 MW Combustion Turbine) is the highest ranked option. While Option No. 5A 
(60,000 pph Biomass Boiler) results in significant potential carbon savings, the life cycle 
costs is $40 million more than Option No. 2 over the 30-year life cycle. 
The options were modeled and compared based upon a scenario when the natural gas 
pipeline expansion did not occur and the existing natural gas limits remain in place. The 
economics are summarized in Table No. 4-5. Option No. 2 has a simple payback of 7.9 
years. However, there is essentially no life cycle cost difference between Option No. 5A 
and Option No. 2. If the natural gas limits remain, then a biomass boiler plant may 
provide potential value to the university. 
4.3.3.5 Natural Gas Pipeline Contingency Plan 
One of the key factors associated with the steam generation system is the current 
limitation on natural gas supplied through the regional pipeline system. While the 
current limits are anticipated to be increased within the next five years; there are no 
guarantees this will occur. If the natural gas limits are not increased, then the following 
secondary fuel upgrade project is recommended for evaluation: 
• While the proposed 8.0 MW combustion turbine is still economically justified; the 
installation of a 60,000 pph biomass boiler to offset the use of LNG or fuel oil 
should be re-evaluated based upon future fuel and capital costs. 
• An increase of the LNG storage facility is likely as well. The current design has 
allocated space for a total of six 18,000 gallon storage tanks which could provide 
approximately 9,000 MMBtu of fuel supply. The installation of additional tanks 
would be balanced with the potential implementation of the biomass system and 
storage facility to maintain a minimum of secondary (non fuel oil) storage for 2 
days of operation. 
4.3.4 Additional Steam Turbine Capacity at the CHP 
The installation of additional back-pressure steam turbine capacity to extend the 
cogeneration system beyond 125,000 pph of steam supply was also considered. 
Currently the economics do not support additional steam turbine capacity for the 
following reasons: 
• There is not adequate summer steam load to support an addition steam turbine 
• The winter electric load varies from 13,000 kW to 18,000 kW and therefore could 
not consistently support additional electric generation capacity beyond the 
current 16,000 kW 
TABLE NO. 4-5: PRESENT VALUE SUMMARY - COGENERATION ANALYSIS - WITH GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS SUMMARY ANNUAL COSTS $2014 (2022)
COST IN $2014
PREMIUM 25-YEAR
NG. BIOMASS COMBUSTION NEW FOR ADD. PRESENT NATURAL BACK BIOMASS ADDITIONAL TOTAL TOTAL
OPTION DESCRIPTION BOILER BOILER TURBINE BUILDING ABSORPTION VALUE OF ELECTRIC GAS FUEL FUEL MAINT. FUEL PRESENT SIMPLE CO2 CO2
NO. COSTS COSTS COSTS COSTS CHILLER COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE PAYBACK [2022] SAVINGS
($) ($) ($) ($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) (YRS) (TPY) (TPY)
1A NEW BOILER 10,770,000      ---               ---               ---               ---               9,400,000        6,287,000        17,575,000      7,065,600        ---               ---               30,927,600      613,252,000    ---             127,900         ---             
2A 8.0 MW COMB. TURB. ---               ---               34,840,000      ---               ---               30,500,000      1,397,000        18,944,600      7,532,000        ---               ---               27,873,600      593,682,000    7.88               124,400         3,500             
3A 10.0 MW COMB. TURB. ---               ---               42,930,000      12,380,000      ---               48,300,000      987,000           19,424,300      8,109,500        ---               ---               28,520,800      620,157,000    18.51             127,800         100                
4A 12.0 MW COMB. TURB. ---               ---               48,920,000      12,380,000      ---               53,600,000      740,000           19,514,400      8,109,500        ---               ---               28,363,900      623,377,000    19.71             127,300         600                
5A HP BIOMASS BOILER(60,000 PPH) ---               33,380,000      ---               ---               ---               29,200,000      6,287,000        12,800,400      1,562,100        6,406,700        400,000           27,456,200      585,832,000    6.51               88,700           39,200           
5B MP BIOMASS BOILER(60,000 PPH) ---               33,380,000      ---               ---               ---               29,200,000      6,287,000        17,575,000      6,870,200        764,100           400,000           31,896,300      645,126,000    (23)                   123,200         4,700             
5C HP BIOMASS BOILER(100,000 PPH) ---               55,730,000      ---               12,380,000      ---               59,500,000      6,287,000        10,816,900      320,500           8,706,100        400,000           26,530,500      604,643,000    13.04             74,900           53,000           
NOTES: 1.PRESENT VALUE BASE UPON THE FOLLOWING FACTORS:
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2. ENERGY RATES BASED UPON THE FOLLOWING:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 10 FEB 2015
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• Steam generated between 125,000 pph and 160,000 pph may be supplemented 
with LNG at a significantly higher costs reducing or eliminating the cost saving 
advantages  
Condensing steam turbines may be implemented at the CHP to offset the use of steam 
absorption chillers at district cooling plants. This would require cooling towers at the 
CHP to support the condensing of the exhaust steam. While the cost of the turbine 
generator at the plant would be higher than the net cost of the absorption cooling; there 
are additional benefits associated with locating and controlling the summer steam use at 
the CHP. This should be evaluated as a component of the cogeneration upgrade 
proposed for 2021. 
4.3.5 Future Steam Distribution 
The computerized hydraulic model was utilized to simulate the peak steam flow 
conditions for each phase of development of the campus. Future building projects were 
connected to the existing piping network for each phase, along with any necessary 
piping additions to the distribution system. The steam demand for each future building 
was also included within the model. The peak load of the site is anticipated to increase 
by 17% for the year 2022. 
The steam site plan representing the peak operating conditions is presented in Figure 
No. 4-7. At five different locations throughout the campus, the available building steam 
pressure will be 12 psig, which is equal the site minimum requirement. The steam flow 
within all the main pipe segments of the system is below the recommended maximum 
velocity of 200 feet per second (FPS).  
No additional steam piping is required to support the future steam growth for the 
campus, other than the radial piping to connect the future buildings. However, as new 
buildings are connected to the existing steam distribution; there is an opportunity to 
provide some redundancy to buildings not directly connected to the steam loop network. 
Multiple buildings that are connected to the steam loop by a radial pipe are vulnerable to 
steam supply interruptions, if that radial feed is not in service. By adding steam lines to 
the distribution network in strategic locations future buildings can be supported and the 
overall reliability of the system can be enhanced. A site plan indicating the 
recommended steam distribution piping upgrades is presented in Figure No. 4-8. 
4.3.6 Hot Water Conversion Options 
The existing heating distribution system is comprised primarily of steam and condensate 
piping. As a potential efficiency increase, the implementation of a hot water distribution 
system was considered. The advantages of hot water distribution system include lower 
distribution losses and less maintenance and repair. The lower distribution losses result 
from distributing hot water a lower temperature than steam and therefore less heat is  
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lost. In addition, there is a minimal make-up rate compared to the current system rate of 
approximately 20%. The hot water systems do not utilize traps and therefore there is no 
trap maintenance required. The condensate in a steam distribution is an “open system”, 
exposed to atmospheric conditions, and therefore the piping is more likely to corrode 
which will result in system leaks and replacement needs. This can be avoided with a hot 
water system. 
To implement a hot water distribution system, however, the connected building must not 
have any steam terminal units (coils, sterilizers, humidifiers, etc…). Buildings that have 
been designed or renovated to operate entirely on hot water are candidates to be 
connected to a hot water distribution system. 
It is possible to utilize steam to hot water heat exchangers to develop small hot water 
districts within the campus as future building clusters are developed after the year 2022. 
The new buildings prior to 2022 are essentially located within the existing core campus. 
A general analysis was performed to assess the potential savings associated 
implementing hot water distribution systems on a district-by-district basis. Hot water 
hubs would be created by adding a heat exchanger and pumping system in a future 
building with new hot water distribution added to circulate water to additional future 
buildings.  
The key issue with the conversion analysis is that the savings only apply to the 
distribution from the heat exchanger location to the hot water building. The heat loss, 
condensate loss and repair costs for the steam distribution from the plant to the future 
hot water conversion station would still apply. Therefore, small system conversions 
would not realize significant benefits until a larger portion of the distribution could be 
converted to hot water. This conversion process may take several years to achieve. The 
intent of this analysis is to determine a direction forward for the university to implement 
with new design and renovation projects.  
A comparison of a steam distribution and hot water distribution for a typical district 
system is presented in Table No. 4-6. The comparison assumes new piping without 
system leaks. The two options result in similar economics with the hot water system 
having a simple payback period of 10 years. Considering the potential repair costs and 
leaks associated with the steam condensate system, the hot water distribution provides 
a better, more efficient distribution system.  
Future buildings beyond 2022, especially the potential growth on the northern portion of 
campus, should be designed based upon a hot water building heating system and not 
incorporate direct steam use within the building.  
  
TABLE NO. 4-6:  GENERAL COMPARISON OF HOT WATER VS. STEAM DISTRIBUTION
FOR A SMALL HEATING DISTRICT (TYPICAL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
FUEL FOR DISTRIBUTION LOSSES CAPITAL COST SUMMARY COMPARISON
DISTRIBUTION LOSSES
TOTAL PRV HW HEAT
ANNUAL TOTAL DISTRIB. ANNUAL SUPPY STATIONS EXCHANGER ANNUAL ADDITIONAL
OPTION BUILDING HEAT ENERGY TRAP PUMPING DISTRIBUTION PIPE DISTRIBUTION & COND. & PUMPS TOTAL COST CAPITAL SIMPLE
LOAD LOSS COST MAINT. COST COSTS SIZE COSTS PUMPS COSTS COSTS SAVINGS COST PAYBACK
(MBTU/HR) (MMBTU/YR) ($/YR) ($/YR) ($/YR) ($/YR) (IN) ($) ($) ($) ($) ($/YR) ($/YR) (YRS)
STEAM 37,500         1,300             13,150        3,500         1,100         17,750            4       515,000           100,000         75,000              690,000        ---            ---               ---      
HOT WATER 37,500         900                9,100          ---        2,200         11,300            4       655,000           20,000           80,000              755,000        6,450             65,000              10         
NOTES: 1.  ASSUMPTIONS:
5                  BUILDINGS
500,000       GSF TOTAL
12,500         MBH PEAK BUILDING LOAD
625              HW FLOW (40 DELTA-T)
37,500         TOTAL ANNUAL BUILDING LOAD
1,000           LF OF DISTRIBUTION
20,000$       PER PRV STATION AND CONDENSATE PUMP
15,000$       STEAM TO HOT WATER HEAT EXCHANGER (BUILDING) PER BUILDING
40,000$       STEAM TO HOT WATER HEAT EXCHANGER AND DISTRIBUTION PUMPS (DISTRICT)
10.11$         / MMBTU OF HEATSUPPLIED (MLB) ENERGY COSTS (ESTIMATED BASED UPON EXISTING STEAM SYSTEM)
700$            PER YEAR PER STEAM TRAP FOR MAINTENANCE (1 PER BUILDING ASSUMED)
150 BTU/HR/LF HEAT LOSS FOR STEAM AND CONDENSATE PIPING (NEW)
100 BTU/HR/LF HEAT LOSS FOR HOT WATER SUPPLY AND RETURN PIPING (NEW)
2.  CAPITAL COSTS BASED UPON THE FOLLOWING UNITARY RATES
STEAM HW
($/LF) ($/LF)
EXCAVATION / BACKFILL 60 60
SUPPLY PIPING W/INSUL 265 265
RETURN PIPING W/INSUL 140 265
FITTING/VALVES 30 40
EXPANSION 20 25
515 655
3.  COSTS DO NOT INCLUDE BUILDING RETROFIT
FILE: P:\MD\14\114053A0\MP\CALC\UMASS-AMHERST-UNITSTEAM$.XLSX RMF 9 FEB 2015
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4.3.7 Heating System Summary 
Table No. 4-7 below is a summary of the future steam system options. 
Table No. 4-7: Future Steam System Project Summary 
Project Start Year Estimated Capital Cost 
Install a 8.0 MW combustion turbine in CHP (2021) 2015 $35.0 million 
Distribution radial feeds and upgrades 2015 $13.5 million 
Distribution loop upgrades 2016-2018 $17.4 million 
Develop a Hot Water District for Future Residential 
Buildings on North Portion of Campus >2022 TBD 
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4.4 FUTURE COOLING ANALYSIS 
Currently, the campus maintains over 45 major refrigeration units located within various 
buildings throughout the site. These units provide air conditioning to approximately 5.6 
million gsf. The 10-year capital plan includes an additional 1.6 million gsf of building 
area that will include air conditioning as well. In addition the university intends to 
renovate 730,000 gsf existing facilities including adding air conditioning to facilities 
which are currently not air conditioned. Future chilled water planning must account for 
renewal of existing facilities as well as increased capacity for new and renovated 
buildings.  
The projected campus cooling load over the next 10-years is summarized in Table No. 
4-8. The existing load is anticipated to increase 61%, if all planned projects and 
renovations occur. The university has conducted multiple internal planning studies for 
the individual cooling districts. These studies were reviewed with the university staff and 
subsequently utilized as the basis for the development of chilled water planning for each 
individual district. Each cooling district was individually evaluated to assess the most 
cost effective approach for supporting future projects. In general, the option of 
expanding the existing cooling district to support the future loads was compared to the 
approach of adding individual refrigeration units to each new building site. 
The following sections review the analysis and planning recommendations for each 
cooling district. In addition an analysis of interconnecting the piping systems and 
developing a single central system is evaluated as well. For the district cooling 
evaluation it was initially assumed that the new chiller equipment would be water-cooled 
electric driven units. A generation technology analysis that compares electric driven 
chillers, steam absorption chillers and various thermal storage systems is included after 
the district cooling evaluation. The generation analysis is intended to provide a long 
term direction for the cooling systems optimized based upon the existing and future 
cogeneration equipment.  
The capital costs and annual operating costs for each district are included in Division 
No. 5 - Appendix.  
The analyses are based upon economic and qualitative considerations. A 25-year life 
cycle cost (LCC) was developed for each option. The lowest life cycle cost is considered 
the most cost effective approach. For options where the LCC values are within 5%, 
qualitative factors were the primary driver for the system recommendation. In general 
district cooling provides significant qualitative advantages compared to individual 
building chillers. Therefore, where multiple options have similar economics, the option 
with the greatest reliance on district cooling is generally recommended. The qualitative 
benefits associated with a district cooling approach (chilled water zones) are as follows: 
TABLE NO. 4-8:  NEAR TERM CHILLED WATER LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD
CONNECTED PEAK
DISTRICT BLDG BUILDING SPACE BUILDING UNITARY COOLING COOLING
LOOP NO. NAME UTILIZATION AREA LOAD LOAD LOAD
(GSF) (GSF/TON) (TONS) (TONS)
ISB 694 LIFE SCIENCE LABORATORIES ACADEMIC/RESEARCH (MAJOR) 395,260           250          1,581             1,223             
676 INTEGRATED SCIENCES BUILDING ACADEMIC/RESEARCH (MAJOR) 188,445           250          754                583                
124 HASBROUCK LABORATORY ACADEMIC/RESEARCH (MAJOR) 32,210             250          129                100                
318 HASBROUCK LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 75,761             250          303                234                
128 SKINNER HALL ACADEMIC/RESEARCH (MAJOR) 63,352             350          181                140                
126 MORRILL SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 61,921             250          1,360             1,052             
127 MORRILL SCIENCE CENTER II ACADEMIC/RESEARCH (MAJOR) 90,682             
290 MORRILL SCIENCE CENTER III ACADEMIC/RESEARCH (MAJOR) 65,657             
347 MORRILL SCIENCE CENTER IV ACADEMIC/RESEARCH (MAJOR) 121,765           
677 STUDIO ARTS BUILDING ACADEMIC/RESEARCH (MAJOR) 65,671             350          188                145                
418 UNIVERSITY HEALTH CENTER ADDITION ADMIN/SUPPORT (MAJOR) 29,628             300          99                  89                  
291 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 38,734             300          129                116                
334 FRANKLIN DINING HALL ADMIN/SUPPORT (MAJOR) 60,100             300          200                180                
85 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 47,294             300          158                142                
86 WORCESTER DINING HALL ADDITION ADMIN/SUPPORT (MAJOR) 22,011             300          73                  66                  
33 WHEELER HOUSE RESIDENTIAL 35,507             400          89                  80                  
704  INTEGRATIVE LEARNING CENTER (NCAB) ACADEMIC/RESEARCH (MAJOR) 173,000           250          692                623                
C1 INTEGRATED DESIGN BUILDING ACADEMIC/RESEARCH (MAJOR) 85,000             250          340                306                
C4 LIFE SCIENCES LABORATORY (DATA CENTER) ACADEMIC/RESEARCH (MAJOR) 6,000               250          24                  22                  
TOTAL 1,657,998        263          6,300             5,101             
POLYMER 651 ENGINEERING & COMPUTER SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 79,285             250          317                254                
SCIENCE 657 ENGINEERING LABORATORY II ACADEMIC/RESEARCH (MAJOR) 88,183             176          501                401                
614 CONTE POLYMER RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 211,102           213          991                793                
120 PAIGE LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,561             250          250                225                
604 KNOWLES ENGINEERING BUILDING ACADEMIC/RESEARCH (MAJOR) 39,118             356          110                88                  
82 GOESSMANN LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 92,741             344          440                352                
81 GOESSMANN LABORATORY ACADEMIC/RESEARCH (MAJOR) 58,676             
92 MARSTON HALL ACADEMIC/RESEARCH (MAJOR) 63,601             250          254                229                
91 GUNNESS LABORATORY ACADEMIC/RESEARCH (MAJOR) 21,331             125          171                154                
87 DRAPER HALL ACADEMIC/RESEARCH (MAJOR) 31,452             250          126                113                
88 DRAPER HALL ANNEX ACADEMIC/RESEARCH (MINOR) 8,037               300          27                  24                  
293 ENGINEERING SHOPS BUILDING ACADEMIC/RESEARCH (MAJOR) 44,968             250          180                162                
71 DUDA BUILDING ACADEMIC/RESEARCH (MINOR) 1,737               300          6                    5                    
72 ANIMAL ISOLATION LABORATORY ACADEMIC/RESEARCH (MINOR) 3,318               300          11                  10                  
73 THAYER ANIMAL DISEASE LABORATORY ACADEMIC/RESEARCH (MINOR) 2,854               300          10                  9                    
TABLE NO. 4-8:  NEAR TERM CHILLED WATER LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD
CONNECTED PEAK
DISTRICT BLDG BUILDING SPACE BUILDING UNITARY COOLING COOLING
LOOP NO. NAME UTILIZATION AREA LOAD LOAD LOAD
(GSF) (GSF/TON) (TONS) (TONS)
POLYMER 135 BOWDITCH HALL ACADEMIC/RESEARCH (MAJOR) 12,396             250          50                  45                  
SCIENCE 296 HOLDSWORTH HALL ACADEMIC/RESEARCH (MAJOR) 64,255             250          257                231                
(CONT.) 130 STOCKBRIDGE HALL ACADEMIC/RESEARCH (MAJOR) 80,601             250          322                290                
100 FLINT LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,133             250          117                105                
344 CHENOWETH LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 47,277             250          189                170                
168 WEST EXPERIMENT STATION ACADEMIC/RESEARCH (MAJOR) 14,474             250          58                  52                  
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES ACADEMIC/RESEARCH (MAJOR) 200,000           250          800                720                
C6 PHYSICAL SCIENCE BUILDING ACADEMIC/RESEARCH (MAJOR) 115,000           250          460                414                
TOTAL 1,339,100        237          5,647             4,846             
LGRC 412 LEDERLE GRADUATE RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 312,999           250          1,250             873                
502 LEDERLE GRADUATE RESEARCH CENTER ADD. ACADEMIC/RESEARCH (MAJOR) 174,146           250          700                489                
343 MARCUS HALL ACADEMIC/RESEARCH (MAJOR) 67,971             250          270                189                
TOTAL 555,116           250          2,220             1,551             
WHITMORE/ 420 FINE ARTS CENTER ACADEMIC/RESEARCH (MAJOR) 223,000           225          992                714                
FINE ARTS/ 406 HERTER HALL ACADEMIC/RESEARCH (MAJOR) 124,254           300          414                298                
HERTER 388 WHITMORE HALL ADMIN/SUPPORT (MAJOR) 133,227           694          192                138                
TOTAL 480,481           301          1,598             1,150             
HONORS 706 LINDEN HOUSE RESIDENTIAL 490,477           400          1,226             981                
COLLEGE 707 OAK HOUSE RESIDENTIAL
708 ELM HOUSE RESIDENTIAL
709 MAPLE HOUSE RESIDENTIAL
710 BIRCH HOUSE RESIDENTIAL
711 COMMONWEALTH HONORS COLLEGE RESIDENTIAL
712 SYCAMORE HOUSE RESIDENTIAL
415 TOBIN HALL ACADEMIC/RESEARCH (MAJOR) 112,624           250          450                360                
TOTAL 603,101           360          1,676             1,341             
MULLINS 613 MULLINS MEMORIAL CENTER ADMIN/SUPPORT (MAJOR) 180,388           300          301                241                
170 PHYSICAL PLANT BUILDING ADMIN/SUPPORT (MAJOR) 63,815             428          149                119                
C11 CHAMPIONS CENTER ADMIN/SUPPORT (MAJOR) 55,000             300          183                183                
TOTAL 299,203           473          633                543                
TABLE NO. 4-8:  NEAR TERM CHILLED WATER LOAD SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD
CONNECTED PEAK
DISTRICT BLDG BUILDING SPACE BUILDING UNITARY COOLING COOLING
LOOP NO. NAME UTILIZATION AREA LOAD LOAD LOAD
(GSF) (GSF/TON) (TONS) (TONS)
NORTH 670 NORTH A RESIDENTIAL 94,003             1,400       67                  54                  
DORMS 671 NORTH B RESIDENTIAL 94,003             1,400       67                  54                  
672 NORTH C RESIDENTIAL 94,003             1,400       67                  54                  
673 NORTH D RESIDENTIAL 95,149             1,262       75                  60                  
TOTAL 377,158           1,362       277                222                
NEW LIBRARY 417 DUBOIS LIBRARY ACADEMIC/RESEARCH (MAJOR) 449,068           554          811                730                
DISTRICT 129 SOUTH COLLEGE ACADEMIC/RESEARCH (MAJOR) 31,266             250          125                113                
405 THOMPSON HALL ACADEMIC/RESEARCH (MAJOR) 100,011           250          400                400                
111 MACHMER HALL ACADEMIC/RESEARCH (MAJOR) 72,041             250          288                259                
80 CHAPEL ADMIN/SUPPORT (MINOR) 20,758             400          52                  47                  
C5 SOUTH COLLEGE ACADEMIC FACILITY ACADEMIC/RESEARCH (MAJOR) 80,000             250          320                288                
TOTAL 753,144           377          1,996             1,837             
GOODELL 171 GOODELL BUILDING ADMIN/SUPPORT (MAJOR) 34,047             300          113                90                  
172 GOODELL BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 95,230             300          317                254                
TOTAL 129,277           301          430                344                
INDIVIDUAL 317 ISENBERG SCHOOL OF MANAGEMENT BUILDING ACADEMIC/RESEARCH (MAJOR) 75,429             252          299                299                
SYSTEMS 329 MAHAR AUDITORIUM ACADEMIC/RESEARCH (MINOR) 19,141             300          64                  64                  
357 HAMPSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 47,311             282          168                168                
382 HAMPDEN DINING HALL ADMIN/SUPPORT (MAJOR) 55,829             393          142                142                
399 BERKSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 74,822             374          200                200                
413 LINCOLN CAMPUS CENTER ADMIN/SUPPORT (MAJOR) 284,799           514          554                554                
678 RECREATION CENTER ADMIN/SUPPORT (MAJOR) 160,192           554          289                289                
C3 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 88,000             300          293                293                
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL ACADEMIC/RESEARCH (MAJOR) 143,000           250          572                572                
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION ACADEMIC/RESEARCH (MAJOR) 57,000             250          228                228                
C47 ACADEMIC/STUDENT LIFE BUILDING ACADEMIC/RESEARCH (MAJOR) 148,000           250          592                592                
TOTAL SITE 7,348,101        304          24,178           20,336           
NOTES: 1. BUILDING NAMES AND AREAS PROVIDED BY THE UNIVERSITY
2.                   - FUTURE BUILDINGS TO BE CONNECTED TO THE SYSTEM
3.  DIVERSITY FACTOR FOR ALL OTHER DISTRICTS BASED UPON 0.90
4.                   - BUILDING LOAD BASED UPON OTHER DOCUEMENTATION PREVIOUS REPORTS
FILE: P:\MD\14\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 9 FEB 2015
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Advantages of District Cooling Approach: 
• Simplifies cooling tower maintenance by reducing number of units and providing 
a location for monitoring of water treatment 
• Reduces and consolidates the appearance of industrial equipment on campus 
• Facilitates winter cooling process by allowing the operation of a single chiller to 
serve all buildings requiring winter cooling 
• Enhances control of system operation by allowing operators to continually 
monitor equipment functions 
• Reduces building electrical requirements allowing existing electric feeders to be 
re-allocated 
• Allows for wholesale upgrades to the chilled water generation system such as 
refrigerant changes or efficiency improvements 
• Reduces the number of campus construction projects for chiller replacements 
• Replaces the use of several small chillers with a fewer number of larger units 
• Reduces the total installed capacity because of campus load diversity 
• Reduce energy use by effectively staging multiple units to meet part-load 
conditions. 
4.4.1.1 Integrated Science Building District 
There are two future buildings (Integrative Learning Center and Integrated Design 
Building) identified to potentially be connected to the Integrated Science Building (ISB) 
District. In addition the following four existing buildings are targeted for renovation and 
the installation of new air conditioning systems: 
• Franklin Dining Hall 
• Worcester Dining Hall 
• Wheeler House 
• University Health Center 
The anticipated peak load including the future and existing buildings is approximately 
5,000 tons. A site plan indicating the potential expansion of the ISB District to support all 
of these future loads is presented in Figure No. 4-9. 
Three options were considered for this district.  
Option No. 1 includes installing individual chillers for the existing and future buildings. 
The total project cost for this option is $5.9 million. The project cost includes the 
construction plus soft costs such as design fees, management costs, etc… 
Option No. 2 is to install a chiller within the ISB plant to support the future buildings and 
includes the replacement of the existing chillers in the renovated buildings. The total 
project cost is estimated to be $5.4 million. 
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Option No. 3 is based upon installing an additional 1,500 ton chiller in the open bay 
within the ISB Plant to support all new and renovated buildings within the district with a 
firm capacity of 5,400 tons. The total project cost for this additional chiller and 
distribution piping is $6.8 million. The life cycle costs for the ISB District cooling options 
are summarized in Table No. 4-9 below. 
Table No. 4-9: ISB Cooling District Life Cycle Cost Comparison 
Option 
Project 
Cost 
($million) 
Energy 
Savings 
(mmbtu/yr) 
Annual 
Cost 
($M/yr) 
25-year 
Life Cycle 
Cost 
($million) Diff. Rank 
1 – Individual Units 5.9 --- 1.13 25.6 3% 3 
2 – Partial District 5.4 170 1.11 24.9 --- 2 
3 – Full District 6.8 380 1.05 25.1 1% 1 
 
As noted above the options have similar economics and therefore the options were 
ranked based upon qualitative advantages. 
4.4.1.2 Conte Polymer Research Center (Polymer) & Lederle 
Graduate Research Center (LGRC) District 
Similar to ISB, there are two future buildings (School of Public Health and Physical 
Science Building) identified to potentially be connected to the Polymer and LGRC 
Districts. A previous study had also identified the following 12 existing buildings to be 
connected when the buildings are renovated or the chillers are replaced: 
• Marston Hall • Bowditch Hall 
• Paige Laboratory • Holdsworth Hall 
• Gunness Laboratory • Stock Bridge Hall 
• Draper Hall and Annex • Flint Laboratory 
• Engineering Shops Building • Chenoweth Laboratory 
• Duda Building • West Experiment Station 
Similar to ISB, three options were considered for the Polymer Cooling District. The 
existing chillers at the Polymer Plant are beyond the 20 years in age and are anticipated 
to be replaced within the next 10-years. All the options will include an approach to 
address the replacement of these units. 
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Option No. 1 includes installing individual chillers for all future loads (new buildings and 
renovated facilities) as well as a replace-in-kind approach for the existing chillers within 
the Polymer Plant. The total project cost for this option is $25.7 million. 
Option No. 2 includes replacing the chillers in the Polymer Plant with an increase in 
capacity adequate to support the existing plant load with the addition of only the two 
future buildings. This option includes replacing existing building chillers and adding 
building chillers for renovated facilities that are currently not air conditioned. The total 
project cost for Option No. 2 is $23.4 million. 
Option No. 3 is based upon expanding the existing plant and distribution to support 
both the two new buildings and all renovated facilities. If both future and existing 
buildings were connected to the existing Polymer District then the anticipated peak load 
would be approximately 5,000 tons.  
To expand the Polymer Chiller Plant with adequate capacity to support the entire 
campus growth would cost $29.2 million (project cost) including chiller capacity and 
piping. A site plan indicating the expansion of the existing chiller plant and main 
distribution piping is presented in Figure No. 4-10. Also included in this site plan is an 
alternative for a second plant to potentially be connected to the Polymer District in the 
future as needed. The life cycle costs for the Polymer District cooling options are 
summarized in Table No. 4-10 below. 
Table No. 4-10: Polymer Cooling District Life Cycle Cost Comparison 
Option 
Project 
Cost 
($million) 
Energy 
Savings 
(mmbtu/yr) 
Annual 
Cost 
($M/yr) 
25-year 
Life Cycle 
Cost 
($million) Diff. Rank 
1 – Individual Units 25.7 --- 1.1 44.8 13% 4 
2 – Partial District 23.4 1,470 0.9 39.5 --- 3 
3 – Full District 26.9 2,670 0.8 41.0 4% 2 
3A – Full District 
(W/ Loop) 29.2 2,670 0.8 43.3 10% 1 
 
The LCC for Option No. 1 is 12% higher than the other two options and is not prioritized. 
The LCC difference between Option Nos. 2 and 3 are within 5%. Option No. 3A includes 
a distribution loop to increase the reliability of the system. Based upon the qualitative 
advantages and increase in reliability Option No. 3 is preferred.  

4-38 
 
4.4.1.3 New Library District 
Current campus planning intends for the new South College Academic Facility to be 
served chilled water from the adjacent Dubois Library. By connecting these two 
buildings a new district cooling loop will be created. This new loop is intended to also 
serve South College, Chapel, Machmer, and Thompson Hall. The total peak load for 
new Library Cooling District is approximately 1,600 tons. There is currently 1,325 tons of 
installed capacity between the existing Thompson Hall chillers (460 tons) and Dubois 
Library chillers (865 Tons). To maintain firm capacity an additional 1,100 tons of 
capacity is planned for installation in the Dubois Library. This approach is compared to 
the base option of adding individual chillers systems (Option No. 1) in Table No. 4-11 
below. 
Table No. 4-11: Library Cooling District Life Cycle Cost Comparison 
Option 
Project 
Cost 
($Million) 
Energy 
Savings 
(mmbtu/yr) 
Annual 
Cost 
($M/yr) 
25-year 
Life 
Cycle 
Cost 
(Million) Diff. Rank 
1 – Individual Units 6.2 --- 0.4 12.6 16% 2 
2 – District 5.7 3,000 0.3 10.6 --- 1 
 
The highest ranked approach is to create the new Library Cooling District as identified in 
Option No. 2. A site plan of the recommended option is presented in Figure No. 4-11. 
4.4.1.4 Honors College District 
The Honors College was built in 2013 and the chilled water system was interconnected 
with Tobin Hall. The initial plan included the eventual connection of the Recreation 
Center and Goodell Building to the new Honors College Cooling District. In addition the 
future Academic Building intended to replace Bartlett Hall is also planned to be 
connected to this district loop. 
The estimated peak load for the site is approximately 2,300 tons. Table No. 4-12 below 
is a summary of the existing chiller capacity and corresponding year of installation: 
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Table No. 4-12: Existing Chillers Included in Honors College District  
Buildings 
Building Name 
Chiller 
Capacity 
(tons) 
Year 
Installed 
Honors College 400 2013 
 400 2013 
Tobin  500 2005 
 500 2005 
Recreation Center 170 2009 
 170 2009 
Goodell 370 1992 
Total Capacity 2,600 --- 
Firm Capacity 2,100 --- 
 
To interconnect the buildings would only require the installation of an additional 200 ton 
unit and the replacement of the Goodell unit. A site plan indicating the location of the 
existing chiller plant and potential future plant is presented in Figure No. 4-12. The 
project cost the chiller upgrades and distribution piping is approximately $3.1 million. 
The life cycle costs for the Honors College District cooling options are summarized in 
Table No. 4-13 below 
Table No. 4-13: Honors College Cooling District Life Cycle Cost Comparison 
Option 
Project 
Cost 
($million) 
Energy 
Savings 
(mmbtu/yr) 
Annual 
Cost 
($M/yr) 
25-year 
Life Cycle 
Cost 
(Million) Diff. Rank 
1 – Individual Units 5.1 --- 0.44 $12.7 M 34% 2 
2 – District 3.1 400 0.36 $9.5 M --- 1 
 
The highest ranked approach is to continue the current plan of expanding the Honors 
College Cooling District. 
As an alternative to connect Goodell and Bartlett to the Honors College, the connection 
of these buildings to the new Dubois Library District. A capital cost premium of $900,000  
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was estimated to connect the Goodell and Bartlett to the Library District. The cost 
comparison is summarized in Table No. 4-14. The current recommendation is to include 
the Goodell Building and the future Academic Building to replace Bartlett Hall in the 
Honors College District. 
4.4.1.1 New Dining Hall District 
The three dining halls located on the southern portion of campus (Hampshire Dining, 
Hampden Dining, and Berkshire Dinning) currently have independent chiller systems. 
The interconnection of these facilities to create a Dining Hall Cooling District was 
evaluated. The existing chillers in Hampden and Hampshire Dining Hall are less than 
five years old. The Berkshire Dining Hall chiller is 23 years old and will likely be 
replaced within the next 10 years at a an approximate project cost of $300,000.  
The option to interconnect the three facilities includes maintaining the chillers in 
Hampshire and Hampden Dining Halls and installing a third chiller to replace the 
Berkshire chiller. The incremental cost of the district cooling option is essentially the 
cost to install the interconnecting piping of approximately $1.2 million. Since, the district 
system would include three chillers in multiple locations, there would not be a reduction 
in maintenance costs with a minimal potential for energy savings. 
The interconnection of these three Dining Halls is not recommended within the next 5 to 
10 years. When the Berkshire Dining Hall chiller is replaced, space for installing a 
second future chiller should be identified, if possible. The Berkshire Hall Dining Hall 
could then be the plant site for district cooling system; when the chiller in the Hampshire 
and Hamden dining halls reach the end of their life cycle in 10 to 15 years.  
This option should also be re-evaluated if plans emerge to renovate and install cooling 
systems within the surrounding residential buildings. 
4.4.1.2 Fine Arts Cooling District 
Currently the Fine Arts Cooling District includes the following three buildings: 
• Fine Arts Center 
• Herter Hall 
• Whitmore Hall 
The following buildings were considered for the potential connection to the Fine Arts 
Cooling District: 
• Isenberg School of Management Building 
• Mahar Auditorium 
• Future Isenberg Addition 
TABLE NO. 4-14:  HONORS/LIBRARY DISTRICTS CHILLED WATER PRESENT VALUE SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS SUMMARY ANNUAL COSTS SUMMARY
30% TOTAL TOTAL PV TOTAL
CAPITAL FUTURE FUTURE PIPING SOFT PROJECT ELECTRIC STEAM MAINT ANNUAL OF ANNUAL PRESENT PERCENT
OPTION DESCRIPTION RENEWAL CHILLER BUILDING COSTS COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE DIFFERENCE
NO. ($) ($) ($) ($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($) (%)
LIBRARY WITHOUT GOODELL AND 
BARTLETT  ---                2,980,000         580,000            800,000            1,300,000         5,660,000         211,000          ---             71,000           282,000         4,940,000      10,600,000      12           
HONORS WITH GOODELL AND 
BARTLETT  ---                1,160,000         220,000            1,040,000         700,000            3,120,000         292,000          ---             72,000           364,000         6,380,000      9,500,000         ---            
TOTAL OPTION 1  ---                4,140,000         800,000            1,840,000         2,000,000         8,780,000         503,000          ---             143,000         646,000         11,320,000    20,100,000      ---
LIBRARY WITH GOODELL AND 
BARTLETT  ---                3,930,000         760,000            1,810,000         2,000,000         8,500,000         286,000          ---             84,000           370,000         6,490,000      14,990,000      222         
HONORS WITHOUT GOODELL AND 
BARTLETT  ---                 ---                 ---                270,000            100,000            370,000            187,000          ---             57,000           244,000         4,280,000      4,650,000         ---            
TOTAL OPTION 2  ---                3,930,000         760,000            2,080,000         2,100,000         8,870,000         473,000          ---             141,000         614,000         10,760,000    19,640,000       ---            
FILE: P:\MD\14\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 9 FEB 2015
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The estimated peak load of the six buildings identified is approximately 1,600 tons. 
Table No. 4-15 below indicates the existing chiller capacity and corresponding year of 
installation: 
Table No. 4-15: Whitmore Cooling District - Existing Chiller Summary 
Current 
Status 
Building 
Name 
Chiller 
Capacity 
(tons) 
Year 
Installed 
District Fine Arts 250 2003 
  250 2003 
District Herter 400 2006 
  250 2006 
District Whitmore 400 2010 
Individual Isenberg 400 2002 
Individual Mahar  60 2000 
--- Total Capacity 2,010 --- 
--- Firm Capacity 1,610 --- 
If interconnected, no additional chiller capacity would be required. A site plan indicating 
the potential future district is presented in Figure No. 4-13. The interconnection would 
allow for greater efficiency for the Isenberg and Mahar as well as provide redundancy 
for both facilities. The project cost to expand the existing district to include Isenberg and 
Mahar is $2.5 million. The life cycle costs for the Fine Arts District cooling options are 
summarized in Table No. 4-16 below. 
Table No. 4-16: Whitmore Cooling District Life Cycle Cost Comparison 
Option 
Project 
Cost 
($million) 
Energy 
Savings 
(mmbtu/yr) 
Annual 
Cost 
($M/yr) 
25-year 
Life Cycle 
Cost 
($million) Diff. Rank 
1 –Individual 
Units 2.2 --- 0.30 7.4 4% 2 
2 – Expand 
District 2.5 200 0.26 7.1 --- 1 
 
The highest rank option is to expand the existing Fine Arts Cooling District to include 
Isenberg and Mahar. 
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4.4.2 District Cooling Analysis Summary 
A summary of the capital costs and present values for all of the chilled water districts is 
presented in Table No. 4-17.  
The district plant approach is recommended for all the districts except for the dining 
facilities located in the southern portion of the campus. A site plan identifying the 
proposed district plants and the corresponding cost is presented in Figure No. 4-14. 
4.4.3 District Plant / Central Plant Analysis 
As a potential system enhancement to the district system, two other alternatives were 
evaluated: 
• Interconnecting Chilled Water Districts 
• Central Plant Chilled Water System (with and without Dining Halls) 
The interconnecting of the chilled water districts would provide the opportunity to share 
spare capacity among the entire system instead of having spare capacity in each 
district. This would require smaller piping than a centralized system. The total project 
cost for the piping to interconnect the existing chilled water districts is approximately 
$59 million. 
A central chiller plant is comprised of chillers installed in a single location that is 
connected to the campus buildings by a network of supply and return piping. The 
centralization of the chilled water system has the following benefits: 
• Replaces the use of several small chillers with a few larger units 
• Facilitates operation and maintenance of the equipment 
• Reduces the total installed capacity because of campus load diversity 
• Lowers operating costs because of improved efficiency and greater diversity 
• Lowers maintenance costs 
The development of a centralized chilled water generation concept requires selection of 
an optimum plant site, determination of the buildings to be connected, establishment of 
the aggregate cooling load, consideration of the plant capacity, and identification of 
potential distribution piping routes. 
Buildings which currently do not have chilled water based cooling systems were not 
included in the analysis due to the extensive cost required to retrofit these facilities. 
Facilities with chillers operating beyond their expected life cycle and new buildings to be 
constructed on campus were prioritized for incorporation into a central chilled water 
system. As the equipment in existing buildings ages and requires replacement, 
additional facilities would be considered for connection to the central system in lieu of 
chiller replacement.  
TABLE NO. 4-17:  CHILLED WATER DISTRICT ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
25-YEAR
30% TOTAL TOTAL
CAPITAL SOFT PROJECT ENERGY ANNUAL PRESENT
DISTRICT DISTRICT OPTION DESCRIPTION COSTS COSTS COSTS SAVINGS COSTS VALUE DIFF.
NO. NAME NO. ($) ($) ($) (MMBTU/YR) ($/YR) ($) (%)
1 ISB 1 INDIVIDUAL UNITS (6 BUILDINGS) 4,520,000           1,356,000           5,876,000            ---                 1,126,000         25,600,000       3               
2 DISTRICT PLANT (FUT BLDG ONLY) 4,180,000           1,254,000           5,434,000           170                1,110,000         24,900,000        ---              
3 DISTRICT PLANT (ENTIRE SITE) 5,230,000           1,569,000           6,799,000           380                1,045,000         25,100,000       1               
2 POLYMER 1 INDIVIDUAL UNITS (12 BUILDINGS) 19,770,000         5,931,000           25,701,000          ---                 1,090,480         44,800,000       13             
2 DISTRICT PLANT (NE BLDG ONLY) 18,020,000         5,406,000           23,426,000         1,470             918,000            39,500,000        ---              
3 DISTRICT PLANT (ENTIRE SITE) 20,729,000         6,219,000           26,948,000         2,670             804,000            41,000,000       4               
3A DISTRICT PLANT (ENTIRE SITE W/LOOP) 22,460,000         6,738,000           29,198,000         2,670             804,000            43,300,000       10             
3 LIBRARY 1 INDIVIDUAL UNITS (5 BUILDINGS) 4,760,000           1,428,000           6,188,000            ---                 350,000            12,300,000       16             
2 DISTRICT PLANT 4,360,000           1,308,000           5,668,000           3,000             282,000            10,600,000        ---              
4 DINING 1 INDIVIDUAL UNITS (3 BUILDINGS) 1,290,000           387,000              1,677,000            ---                 115,000            3,700,000          ---              
2 DISTRICT PLANT 1,830,000           549,000              2,379,000            ---                 98,000              4,100,000         11             
5 HONORS 1 INDIVIDUAL UNITS (6 BUILDINGS) 3,890,000           1,167,000           5,057,000            ---                 435,000            12,700,000       34             
2 DISTRICT PLANT 2,420,000           726,000              3,146,000           400                364,000            9,500,000          ---              
6 WHITMORE 1 INDIVIDUAL UNITS(1 BUILDING COMPLEX) 1,730,000           519,000              2,249,000            ---                 295,000            7,400,000         4               
2 DISTRICT PLANT 1,920,000           576,000              2,496,000           200                264,000            7,100,000          ---              
FILE: P:\MD\14\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 9 FEB 2015
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The peak load of a potential central chiller plant was established by summing the 
individual peak cooling load of each of the existing district cooling systems. Based upon 
the projected load requirements, the necessary chiller capacity was established. This 
capacity would be phased in as existing chillers are retired. 
The capital expenditure associated with a central plant option consists of the cost to 
construct the plant, install the distribution piping, and connect the buildings. The total 
cost to implement a single central chilled water plant is approximately $100 million. The 
majority of existing chilled water piping would be re-used. A site plan indicating the two 
sites and potential piping required is presented in Figure No. 4-15. 
The life cycle cost comparison of the existing independent district approach, 
interconnected cooling districts and a single central chiller system is summarized in 
Table No. 4-18. The LCC of the central plant option is over 20% higher than the district 
plant approach and is not recommended. Since interconnecting the districts results in a 
slightly higher LCC but relatively no additional energy savings, the additional 
expenditure is not justified. The overall recommendation is to continue with the district 
plant approach. 
4.4.4 Alternative Chilled Water Technologies 
The previous analysis was based upon the assumption that future chillers will be high 
efficiency electric driven centrifugal chillers (currently the most energy efficient system 
available). This section evaluates alternative chilled water technologies including the 
following: 
• Steam absorption chillers 
• Thermal Systems 
The above technologies could be implemented regardless of the general chilled water 
approaches previously analyzed and therefore have been evaluated as potential 
enhancements to the proposed approach of the development of chilled water districts. 
The following are summaries of each of the alternative chilled water technologies and 
potential application. 
4.4.4.1 Steam Absorption Chillers 
A single-stage absorption chiller utilizes low pressure steam (~15 psig) to generate 
chilled water through an absorption refrigeration cycle. These units are applicable when 
a heating source (typically steam) is readily available and electric utility rates are 
significantly high. A typical unit requires approximately 20 pounds of steam per hour to 
generate one ton of refrigeration. In addition the condenser water flow rate is 
approximately four gallons per ton-hour of refrigeration (twice the rate of an electric 
centrifugal unit). Single-stage absorption chillers also require approximately two to three  

TABLE NO. 4-18:  CHILLED WATER LAYOUT PRESENT VALUE SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS SUMMARY ANNUAL COSTS SUMMARY
30% TOTAL TOTAL PV TOTAL
CAPITAL FUTURE PIPING SOFT PROJECT ELECTRIC STEAM MAINT ANNUAL OF ANNUAL PRESENT
OPTION DESCRIPTION RENEWAL CHILLER COSTS COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE
NO. ($) ($) ($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
1 STATUS QUO(CURRENT MULTIPLE DISTRICTS) 9,210,000        26,170,000      7,680,000        12,900,000      55,960,000      2,532,000     616,000        727,200        3,875,200     67,900,000   123,860,000   
2 INTERCONNECTED DISTRICTS 9,210,000        19,750,000      16,320,000      13,600,000      58,880,000      2,516,000     616,000        669,200        3,801,200     66,600,000   125,480,000   
3A CENTRAL CHILLER PLANT (SITE 1)  ---               45,890,000      33,400,000      23,800,000      103,090,000    2,221,000     616,000        360,000        3,197,000     56,000,000   159,090,000   
3B CENTRAL CHILLER PLANT (SITE 2)  ---               45,890,000      32,300,000      23,500,000      101,690,000    2,221,000     616,000        360,000        3,197,000     56,000,000   157,690,000   
4A CENTRAL CHILLER PLANT WITHOUT DINING (SITE 1)  ---               46,580,000      28,400,000      22,500,000      97,480,000      2,213,000     659,000        396,000        3,268,000     57,300,000   154,780,000   
4B CENTRAL CHILLER PLANT WITHOUT DINING (SITE 2)  ---               46,580,000      27,300,000      22,200,000      96,080,000      2,213,000     659,000        396,000        3,268,000     57,300,000   153,380,000   
FILE: P:\MD\14\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 9 FEB 2015
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times the floor space as an electric centrifugal unit. In a hybrid (combination electric 
centrifugal and single-stage absorption mix) application where the electric rate varies 
according to the time of day, the operation of these units must be carefully watched to 
ensure that the most cost effective technology is being operated at each rate interval. 
As identified in Division No. 3 – Existing Conditions, depending on the steam load the 
steam costs varies. The steam absorption chillers can be operated to maintain a 
constant steam load on the campus which will allow the CHP to operate in an optimized 
manner. The steam turbines located in the CHP are designed for a maximum steam 
flow of 125,000 pph. The summer site load without absorption cooling is 45,000 pph. To 
optimize the CHP the minimum summer steam load should be maintained between 
115,000 pph and 125,000 pph. This would include the baseline operation of 
approximately 4,000 tons of single-stage steam absorption units.  
The unitary cost to operate steam absorption chillers at the various steam load 
increments and associated rates is summarized in Table No. 4-19. Since the steam 
costs vary based upon whether or not the cogeneration equipment is operated, as well 
as whether natural gas or fuel oil is utilized, the table identifies the cost for the 
absorption chiller operations at those varying scenarios. When the campus steam load 
is between 40,000 and 125,000 pph it is marginally more cost effective to operate 
electric driven units rather than the steam absorption units. However, to maintain stable 
operation of the steam turbines in the plant a minimum of steam load of 100,000 pph is 
needed. In general it is more cost effective to operate the absorption chillers and 
generate electric power through the back-pressure turbine then to bypass the steam 
turbines entirely and utilize electric driven cooling. When the load exceeds the 
cogeneration system capacity of 125,000 pph it is not cost effective to operate steam 
absorption chillers. 
A graph comparing the cost effectiveness of the absorption chillers to electric chillers is 
presented in Figure No. 4-16.  
The university should maintain a minimum of 4,000 tons to 5,000 tons of absorption 
chillers for consistent operation of the existing cogeneration system with a target 
summer steam load of 100,000 pph. However, this capacity should be easily dispatched 
and controlled. A single absorption unit within a building will operate based upon the 
load of that individual building; therefore, the university does not have control over the 
steam demand associated with the individual building steam absorption unit. To provide 
better control in maintaining summer steam load targets it is preferred that steam 
absorption units are located in district cooling plants rather than individual buildings. 
Within the district plant the absorption unit can be staged on and off as needed to 
maintain the desired summer steam load profile. Future installation of absorption chillers 
in single building application is not recommended.  
TABLE NO. 4-19:  SUMMARY OF UNITARY CHILLED WATER ENERGY COSTS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CHILLER CHW PUMP COOLING TOWER
CONDENSER WATER 
PUMP
TOTAL 
ELECTRIC TOTAL UNITARY COST
ELECTRIC
CHILLER DESIGN CHW CW DESIGN ELECTRIC MOTOR HEAT FAN MOTOR TOTAL UNITARY STEAM USAGE TOTAL
TYPE CAPACITY DT DT EFF. USE FLOW ELECTRIC REJECT. ELECTRIC FLOW HEAD ELECTRIC ELECTRIC ELECTRIC COST COST COST
(TONS) (oF) (oF) (KW) (GPM) (KW) (MBH) (KW) (GPM) (FT) (KW) (KW) (KW/TON) ($/T-HR) ($/T-HR) ($/T-HR)
ELECTRIC CENTRIFUGAL 1,250     14   14     0.60 kw/ton   750        2,143    34         18,750    88         2,700   60      42          914          0.73       -        0.10         0.10       
SINGLE STEAM ABSORPTION CHILLER
(<40,000 PPH STEAM LOAD) 1,250     14   18     17.6 pph/ton ---      2,143    34         37,500    175       4,200   70      77          286          0.23       (0.19)       0.03         (0.16)       
SINGLE STEAM ABSORPTION CHILLER
(40,000-100,000 PPH STEAM LOAD) 1,250     14   18     17.6 pph/ton ---      2,143    34         37,500    175       4,200   70      77          286          0.23       0.11       0.03         0.14       
SINGLE STEAM ABSORPTION CHILLER
(100,000-125,000 PPH STEAM LOAD) 1,250     14   18     17.6 pph/ton ---      2,143    34         37,500    175       4,200   70      77          286          0.23       0.14       0.03         0.17       
NOTES: THE FOLLOWING ELECTRIC UTILITY RATES (BASED UPON BUDGETED FY2015 DATA) WERE APPLIED:
ENERGY
ELECTRIC RATE: 0.135$       $/KWH
NATURAL GAS RATE: 9.82$         PER MMBTU
STEAM RATE (<40,000 PPH): (10.77)$      PER MLB
STEAM RATE (40,000-100,000 PPH): 6.47$         PER MLB
STEAM RATE (100,000-125,000 PPH): 8.09$         PER MLB
FILE: P:\MD\14\114053A0\MP\CALC\UMASS-AMHERST-UNITSTEAM$.XLSX RMF 9 FEB 2015
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If an additional combustion turbine is added in the future then maintain absorption 
cooling capacity equivalent to the unfired steam rate of the plant will provide significant 
savings. 
4.4.4.1 Thermal Storage 
There are two primary types of thermal storage system which include ice storage and 
chilled water storage. An ice storage system is based upon generating and storing ice 
during non-peak electric rate periods. The ice is melted during the on-peak rate periods 
to provide system cooling in lieu of electric chiller operation. During ice generation the 
chillers are operated at substantially lower temperatures (22°F to 28°F) requiring 
additional energy and the utilization of an intermediary fluid (typically a glycol solution). 
The equipment selection and chiller type are based upon the “ice duty” which results in 
inefficiencies when these chillers are operated in the standard chilled water mode. 
Significant ice storage volume is also necessary. This storage can be in the form of 
commercially available modules or custom concrete vaults and coils. In general ice 
storage will utilize 30% more energy than a typical chilled water system. 
A chilled water storage system is based upon the same economic and operational 
principles as the ice storage system with the exception that chilled water is stored (at 
approximately 42 °F) in lieu of ice. This allows a consistent chiller design and 
configuration for the central plant without the need for an intermediary fluid or low 
temperature operation. However, the storage volume required is typically 10 times the 
volume required for an ice system.  
The thermal storage systems are most applicable when the electric utility provider 
includes an on-peak demand charge or there is a significant difference in on-peak and 
off-peak energy rates.  
As a general analysis, both ice and chilled water storage were evaluated for the 
Polymer District. Approximately 10,000 ton-hours of ice or chilled water storage would 
be required to reduce the need for one of the future chillers at the Polymer Plant. Based 
upon a site temperature differential of approximately 12oF, a chilled water storage tank 
volume of 1.5 million gallons was estimated. A site plan with a 1.5 million gallon storage 
tank located near the Polymer Plant is presented in Figure No. 4-17. 
For an ice storage system the 10,000 ton-hr ice vault would typically be installed below 
grade, potentially underneath a parking lot. Under either scenario the estimated cost 
premium for the thermal storage system would be $1.5 million. The chilled water 
storage would utilize the chillers planned for the Polymer Plant; while, the ice storage 
system would require specially designed low temperature chiller units. Below is the 
potentially electric use for on-peak and off-peak operation for both ice and chilled water 
storage options: 
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   On-peak Electric Reduction Off-peak Electric Use 
 Ice Storage   7,000 kWh per day  11,000 kWh per day 
 Chilled water storage 7,000 kWh per day   8,000 kWh per day 
For thermal storage to be cost effective a significant reduction in the off-peak electric 
rate is necessary. Currently the purchased electric does not have a significantly different 
rate for summer daytime and nighttime use. The nighttime operation of the cogeneration 
system was also considered. Based upon the metered data the minimum campus load 
is approximately 12,000 kW which indicates that the 10,000 kW combustion turbine is 
currently fully utilized. Therefore, increasing the nighttime electric load will not result in 
additional (low cost) power generation from the combustion turbine. The back-pressure 
turbine power generation could be increased during nighttime operation, provided there 
is adequate campus steam load. 
Alternative operating scenario for a potential thermal storage system would include the 
nighttime operation of an absorption chiller to generate chilled water to be stored for 
daytime discharge. The nighttime net operating cost for a steam absorption chiller is 
$0.13 per ton-hour (including the savings from the back-pressure operation) which 
would result in a cost to charge the 10,000 ton-hr tank of $1,300. Discharging the tank 
would save 7,000 kWh of electric at an approximate savings of only $945. There is 
currently not a savings opportunity with thermal storage. 
4.4.5 Chilled Water System Summary 
The proposed plan for efficiently and reliably providing chilled water for the campus is 
the continued development of individual chilled water districts. Table No. 4-20 below is a 
summary of the key components of chilled water recommendations for the future 
through 2022: 
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Table No. 4-20: Future Chilled Water Project Summary 
Project Estimated Capital Cost 
Continue to Grow ISB District $7.9 million 
Continue to Grow and Capital Renewal of Polymer District Partially funded 
Develop Library District $5.4 million 
Continue to Grow Honors District $3.6 million 
Continue to Grow Whitmore District $3.5 million 
Capital Renewal for Individual Buildings $0.5 million 
• Continue to evaluate alternative chilled water technologies on a chiller-by-chiller 
basis 
• Maintain 5,000 tons of absorption chiller capacity on capacity. These chillers 
should be located within the district plants to allow for them to be dispatched are 
required.  
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4.5 FUTURE ELECTRIC DISTRIBUTION ANALYSIS 
The analysis of the campus electrical system includes the evaluation of the incoming 
feeders, campus feeders and substations. The analyses are based upon the projected 
electric loads and existing system capacities. 
4.5.1 Future Electric Loads 
The unitary load factors corresponding to the existing building electric load estimates 
were used to estimate the utility loads for the future buildings. The anticipated building 
electric load of each future building is summarized in Table No. 4-21. A campus 
diversity factor (developed in Division No. 3 – Existing Conditions) was applied to the 
estimated connected load, to project a peak electric load for the site. The anticipated 
peak electric at the end of the 10-year capital plan (2022) is approximately 37,700 
kilowatts (kW). As noted in the table this load estimate includes the addition of air 
conditioning to 730,000 gsf of existing facilities as well as electric driven chillers to 
supply the future cooling needs. 
4.5.2 Future Incoming Electric Services 
A comparison of the projected electric load to the existing firm capacity of the incoming 
utility feeders is presented in Figure No. 4-18. The load will be beyond the firm capacity 
in 2016 or 2017. The university is currently designing a new university owned substation 
that will be connected to the utility transmission lines. This project includes two incoming 
feeders and transformers with capacity of 23,400 kW and a total capacity of 46,800 kW. 
As part of the design, new larger incoming feeders to the East Switch Station are 
included. The new feeder capacity and associated firm capacity are summarized in 
Table No. 4-22 below. 
Table No. 4-22: Future Feeder Outage Capacity Summary 
Description 
Total 
Capacity 
(MW) 
West 
Switch 
Feeder 
Outage 
(MW) 
East 
Switch 
Feeder 
Outage 
(MW) 
Feeder 18G1 14.3 --- 14.3 
Feeder 18G2 14.3 14.3 14.3 
Total West Switch Station 28.6 14.3 28.6 
New Feeder 1 14.3 14.3 14.3 
New Feeder 2 14.3 14.3 --- 
Total East Switch Station 28.6 28.6 14.3 
Total 57.2 42.9 42.9 
TABLE NO. 4-21:  FUTURE CAMPUS ELECTRIC GROWTH BUILDING SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
CONNECTED LOAD PEAK SITE LOAD
CONNECTED ACADEMIC DATA TOTAL
YEAR PLAN BUILDING BUILDING /OFFICE LAB CENTER RESIDENTIAL ASSEMBLY PARKING SUPPORT BUILDING COOLING BUILDING COOLING CAMPUS
ID BUILDING NAME AREA AREA [3.0 W/SF] [9.0 W/SF] [100.0 W/SF] [2.0 W/SF] [3.0 W/SF] [1.0 W/SF] [3.0 W/SF] LOAD LOAD LOAD LOAD LOAD
(GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (GSF) (KW) (KW) (KW) (KW) (KW)
EXISTING SITE (SEPTEMBER 2013 INCLUDING 25% PHASE 1 OF LSL) 11,233,340 10,936,895   26,100       
9/2014  MCGUIRK STADIUM UPGRADE 55,000        55,000          ---          ---          ---          ---            ---         ---          55,000       200        ---      150        ---      26,250       
120 PAIGE LABORATORY (FULLY OCCUPIED) 29,561        29,561          ---          29,561       ---          ---            ---         ---          ---          300        158        225        126        26,601       
694 LIFE SCIENCE LAB (FIT OUT OF 75% PHASE 1) ---            178,445        ---          178,445     ---          ---            ---         ---          ---          1,600     952        1,200     762        28,563       
704  INTEGRATIVE LEARNING CENTER (NCAB) 173,000      173,000        173,000     ---          ---          ---            ---         ---          ---          500        462        375        369        29,307       
2015   VZW DAS - LOT 12 3,000          3,000            ---          ---          3,000         ---            ---         ---          ---          300        ---      225        ---      29,532       
C11 CHAMPIONS CENTER 55,000        55,000          ---          ---          ---          ---            55,000      ---          ---          200        126        150        100        29,782       
2016 B-289 FURCOLO HALL (RENOVATION) 112,163      ---             ---          ---          ---          ---            ---         ---          ---          ---      ---      ---      ---      29,782       
694 LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) ---            118,000        ---          118,000     ---          ---            ---         ---          ---          1,100     630        825        504        31,111       
C1 INTEGRATED DESIGN BUILDING 85,000        85,000          85,000       ---          ---          ---            ---         ---          ---          300        226        225        181        31,517       
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 6,000          6,000            ---          ---          6,000         ---            ---         ---          ---          600        96          450        77          32,044       
80 CHAPEL (FULLY OCCUPIED) 20,758        20,758          ---          ---          ---          ---            20,758      ---          ---          100        47          75          38          32,157       
2017 C6 PHYSICAL SCIENCE BUILDING 115,000      115,000        ---          115,000     ---          ---            ---         ---          ---          1,000     614        750        491        33,398       
C5 SOUTH COLLEGE ACADEMIC FACILITY 80,000        80,000          80,000       ---          ---          ---            ---         ---          ---          200        214        150        171        33,719       
2018 B-37 HILLS HOUSE (DEMO) (102,699)     (102,699)       (102,699)    ---          ---          ---            ---         ---          ---          (100)       ---      (75)         ---      33,644       
B-107 BARTLETT HALL (DEMO) (113,750)     (113,750)       (113,750)    ---          ---          ---            ---         ---          ---          (186)       ---      (140)       ---      33,504       
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 57,000        57,000          57,000       ---          ---          ---            ---         ---          ---          200        152        150        122        33,776       
2019 B-85 WORCESTER DINING HALL (RENOVATION) 47,294        ---             ---          ---          ---          ---            ---         ---          ---          ---      ---      ---      ---      33,776       
B-382 HAMPDEN DINING HALL (RENOVATION) 55,829        ---             ---          ---          ---          ---            ---         ---          ---          ---      ---      ---      ---      33,776       
C26 CHP NEW TURBINE ---            ---             ---          ---          ---          ---            ---         ---          ---          ---      ---      ---      ---      33,776       
2020 C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES 200,000      200,000        200,000     ---          ---          ---            ---         ---          ---          600        534        450        427        34,653       
2022 C3 UNIVERSITY HEALTH CENTER 88,000        88,000          88,000       ---          ---          ---            ---         ---          ---          300        234        225        188        35,066       
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL 143,000      143,000        143,000     ---          ---          ---            ---         ---          ---          400        382        300        305        35,671       
C13 CENTRAL PARKING STRUCTURE 274,000      274,000        ---          ---          ---          ---            ---         274,000     ---          300        ---      225        ---      35,896       
C47 ACADEMIC/STUDENT LIFE BUILDING 148,000      148,000        148,000     ---          ---          ---            ---         ---          ---          400        394        300        316        36,512       
EXISTING BUILDING TO BE AIR CONDITIONED (730,000 GSF) ---            ---             ---          ---          ---          ---            ---         ---          ---          ---      1,460     ---      1,168     37,680       
SUBTOTAL FOR PHASE I 1,531,156   1,612,315     757,551     441,006     9,000         ---            75,758      274,000     55,000       8,314     6,679     6,235     5,345     ---          
15% 44%
NOTES: 1.  FUTURE PHASE I BUILDINGS BASED UPON "2012-2021 CAPITAL IMPROVEMENT PROJECTS" (JUNE 2013)
2.  FUTURE PHASE II BUILDINGS BASED UPON "UMASS AMHERST CAMPUS MASTER PLAN" (APRIL 2012)
3.                      INDICATES EXISTING BUILDING TO BE DEMOLISHED OR RENOVATED
4.  FUTURE UNITARY FACTORS BASED UPON EXISTING METERING DATA
5.  PEAK SITE LOAD INCLUDES 0.75 DIVERSITY FACTOR FOR ELECTRIC AND 0.80 DIVERSITY FACTOR FOR COOLING
FILE: P:\MD\14\114053A0\MP\CALC\4053-BLDG-SUM.XLSX RMF 9 FEB 2015
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FIGURE NO. 4-18:  PROJECTED ELECTRIC LOAD GROWTH
UNIVERSITY OF MASSACHUSETTS - AMHERST
CAMPUS ELECTRIC LOAD GROWTH
INTERCONNECTING ELECTRIC FEEDER CAPACITY
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The new feeders will be adequate to support the future load growth through 2022. A site 
plan indicating the location of the new Substation and the new feeder routing is 
presented in Figure No. 4-19. 
Even with the new substation the university is only able to distribute the power 
generated at the CHP to the West Switch Station. A new configuration is recommended 
that will distribute power to multiple switch stations. This new configuration would 
provide advantages to the university immediately and would be needed prior to the 
addition of any future cogeneration. 
4.5.3 Future Campus Electrical Distribution 
The future buildings loads were added to the closest feeder as the intial step in 
evaluating the ability of the existing feeders to support the future loads based on firm 
capacity. The comparison of the future loads to the existing campus feeder capacity is 
presented in Figure No. 4-20. Two of the ten feeders will be beyond firm capacity and 
three feeders at 80% capacity.  
Two options were considered to support the future buildings by the campus electrical 
system. 
• Option No. 1: Increase feeder size to 500 kcmil throughout the campus 
• Option No. 2: Construct a new Switch Station and transfer loads 
A comparison of the future loads with the each option is presented in Figure Nos. 4-21 
and 4-22.  
The majority of the existing ductbanks only have conduits that can accommodate the 
smaller 350 kcmil feeders. To upgrade the entire campus will require the installation of 
26,000 linear feet (LF) of ductbank at a cost of $18 million. A site plan with these 
ductbank routes is presented in Figure No. 4-23. 
The installation of a new North Switch Station and connecting ductbank is estimated to 
be approximately $4.7 million. A site plan indicating the general location of a new North 
Switch Station is presented in Figure No. 4-24.  
The recommended approach is the installation of the new switch station. The new 
switch station will also allow for future cogeneration equipment to be distributed from 
that location. 
To maintain the existing level of reliability (having two switch stations to connect to each 
building) in the future will require the installation of an additional South Switch Station. 
There is significant growth identified to occur on the southern portion of the campus  

01,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
EAST G/H WEST FA/FB EAST J/K WEST FC/FD EAST E/F WEST WE/WF EAST E/F WEST T1/T2 A1/B1 (W ONLY) L/M (W ONLY)
FEEDER NO.1 FEEDER NO.2 FEEDER NO.3 2.4 KV SUBSTATION STADIUM ISB CHILLER
PLANT
P
E
A
K
 
E
L
E
C
T
R
I
C
 
L
O
A
D
 
(
K
W
)
FIGURE NO. 4-20:  FUTURE BUILDING CAMPUS FEEDER CAPACITY 
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FIGURE NO. 4-21:  FUTURE NEAR-TERM BUILDING CAMPUS FEEDER 
CAPACITY SUMMARY OPTION 1- INCREASE FEEDER CAPACITY
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FIGURE NO. 4-22:  FUTURE NEAR-TERM BUILDING CAMPUS FEEDER 
CAPACITY SUMMARY OPTION 2- MAINTAIN CURRENT CAPACITY
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beyond the 2022 time period. It is recommended that the South Switch Station be 
installed beyond 2022 potentially within a future building. 
 
4.5.4 Future Electrical Recommendations 
Table No. 4-23 below summarizes the upgrades and recommendations for the existing 
electrical system to support the future load growth: 
Table No. 4-23: Future Electrical Project Summary 
Project 
Cost 
($) 
Continue with the current design of the New High Voltage Substation Funded 
Install a New North Switch Station within a future building 
- Transfer Loads from the existing West Switch Station to the New 
North Switch Station 
4.7 million 
When the campus growth in the southern portion of campus is 
realized install a New South Switch Station 4.0 million 
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4.6 ALTERNATIVE ENERGY PROJECTS  
In addition to the optimizing the existing utility generation and delivery systems a 
general analysis of potential smaller scale alternative energy projects was performed. 
These options are not intended to replace existing utility infrastructure, rather 
supplement utility systems based upon optimal implementation. The alternative energy 
options include: 
• Solar photovoltaic 
• Wind 
• Central geothermal 
• Installation of Anaerobic Digester 
For each of the above technologies a single system or set of equipment would be 
installed to serve either individual or multiple buildings. Each technology was evaluated 
based on quantitative and qualitative analyses.  
4.6.1 Solar Photovoltaic Analysis 
The university has completed a Solar Study that considered the installation of 7.8 MW 
solar parking lot companies over three parking sites and on buildings roofs. There were 
approximately a dozen flat roof buildings, four pitched roof (including Fine Arts Center), 
and another dozen more buildings suitable for pitched racks. The annual energy 
produced by the solar panels is estimated to be 8,550 MWh which when compared to 
the total campus electric load of 156,000 MWh results in a 5% reduction in electric. The 
study identified that the project would be funded by a Purchased Power Agreement 
(PPA). A site plan of the proposed solar panels and the parking lots affected is 
presented in Figure No. 4-25. The installation of the new North and potential south 
Switch Station could potentially reduce the cost of the project by providing closer 
connection points.  
Previously, the university also investigated installing solar panels on the open space 
north of campus (Taylor Field). It was estimated that the field could support a minimum 
of 4.8 MW of solar panels. Similar to the parking lots, the installation of the North Switch 
Station would potentially reduce the overall cost of the project. A site plan indicated the 
general location of the solar panels and the potential ductbank routing is presented in 
Figure No. 4-26. There is also a potential project at Hadley Farm. There are many 
opportunities on the core of the campus, on other UMA owned properties across the 
Commonwealth, and off campus on other land that should all be considered for electric 
generation. 
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4.6.2 Wind Turbines 
Wind power is the conversion of wind energy into electric power using wind turbines. 
Wind energy is plentiful, renewable, widely distributed, clean, and it reduces 
greenhouse gas emissions when it displaces fuel-derived electricity. The key factor in 
the application of wind turbines is the consistent occurrence of wind speeds greater 
than 6 to 12 miles per hour (mph). Current wind turbine technology cannot generate 
power with speeds lower than 6 mph and turbines do not typically provide substantial 
generation (>30% of the turbine design capacity) until wind speeds of 20 mph are 
experienced as indicated in the power curve for a typical wind turbine presented in 
Figure No. 4-27.  
A bin load analysis of wind speed occurrence for Springfield, Massachusetts was 
developed to determine the potential utilization of a wind turbine. Based upon this 
analysis, summarized in Table No. 4-24, the application of a wind turbine on the UMass 
site would result in annual utilization of 2%. Therefore, for a 100 kW wind turbine the 
annual power generation would be approximately 24,500 kWh for a resulting electric 
cost savings of $3,200 per year. The associated capital cost of the wind turbine and 
electric gear to effectively utilize the power generation is $200,000 which would result in 
a 62 year simple payback. The implementation of a significant wind system (>100 kW) 
on the campus is not economically justified.  
4.6.3 Centralized Geothermal (Ground-coupled Heat Pump) System 
Another enhancement considered was the installation of a ground-coupled heat pump 
system. Essentially the ground is utilized as a heat source during the winter and heat 
sink during the summer for water-source heat pumps. The heat pump system could be 
installed within a single building or a larger heat pump chiller could be utilized within a 
district cooling plant. When utilized in a district plant, the connection to a hot water 
system is needed. 
The system could be implemented for new building or could be part of an existing 
building retrofit. When in cooling mode the heat pump will operate slightly more efficient 
than a water-cooled centrifugal chiller, because of the consistent lower ground 
temperature. In heating mode the heat pump is limited to relatively low hot water supply 
temperatures. To optimize the heating operation supply temperatures of 140oF to 150oF 
are targeted. This can be accommodated for new building designs, but it is more difficult 
in building retrofits. The unitary heating cost for the ground-coupled heat pump is 
approximately $10 per MMBtu. This is higher than the cost to supply heat through the 
existing cogeneration system. However, this is significantly less than the cost for heat 
generated from secondary fuels (~$27 per MMBtu) without cogeneration. If the existing 
limit for natural gas supply is not increased, future buildings and the retrofit of existing 
buildings should consider a ground-coupled heat pump system where applicable. 
010
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FIGURE NO. 4-27: POWER CURVE FOR TYPICAL WIND TURBINE
UNIVERSITY OF MASSACHUSETTS AMHERST
TABLE NO. 4-24: WIND POWER COST ANALYSIS (100 KW)
UNIVERSITY OF MASSACHUSETTS AMHERST
PEAK TOTAL ANNUAL
WIND 2012 CUMULATIVE POWER POWER ELECTRIC CAPITAL SIMPLE
SPEED OCCURRENCE OCCURRENCE OUTPUT OUTPUT SAVINGS COST PAYBACK
(MPH) (HRS) (HRS) (KW) (KWH) ($/YR) ($) (YRS)
34          ---               ---               100        ---            ---          
33          ---               ---               98          ---            ---          
32          ---               ---               98          ---            ---          
31          1                   1                   91          91              10          
30          2                   3                   91          183            20          
29          ---               3                   81          ---            ---          
28          5                   8                   81          405            50          
27          ---               8                   81          ---            ---          
26          7                   15                 68          474            60          
25          11                 26                 68          745            100        
24          14                 40                 54          761            100        
23          23                 63                 54          1,250         170        
22          20                 83                 41          818            110        
21          39                 122               41          1,595         220        
20          61                 183               28          1,730         230        
19          ---               183               28          ---            ---          
18          64                 247               28          1,815         250        
17          113               360               18          1,993         270        
16          149               509               18          2,628         350        
15          180               689               11          2,045         280        
14          233               922               11          2,648         360        
13          256               1,178            6            1,559         210        
12          ---               1,178            6            ---            ---          
11          386               1,564            2            772            100        
10          400               1,964            2            800            110        
9            500               2,464            2            1,000         140        
8            603               3,067            1            439            60          
7            688               3,755            1            500            70          
6            800               4,555            ---          ---            ---          
5            881               5,436            ---          ---            ---          
4            ---               5,436            ---          ---            ---          
3            941               6,377            ---          ---            ---          
2            ---               6,377            ---          ---            ---          
1            ---               6,377            ---          ---            ---          
---          2,383            8,760            ---          ---            ---          
TOTAL 8,760            ---               ---          24,253       3,270       200,000        62            
NOTES: 1.  ELECTRIC COST BASED UPON $0.135/KWH
2.  TURBINE COST BASED UPON $2,000/KW
3. POWER CURVE FOR TURBINE BASED UPON FUHRLANDER FL-1000 PLUS
FILE: P:\MD\14\114053A0\MP\CALC\14053A-WIND.XLSX RMF 9 FEB 2015
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The ideal application includes a building with significant area for the installation of the 
geothermal wells necessary for the heat pump operation. A geothermal well area 
equating to approximately 30% of the total building area would be needed. Therefore for 
a 100,000 gsf building, a well area of approximately 30,000 gsf would be required to 
support the entire building load. This could vary based upon well depth and capacity to 
support a percentage of the building load. 
Under the proposed plan the CHP cogeneration system would be intended to supply the 
entire campus energy requirements. Included in the load profile plan is 10% load 
reduction through energy conservation and alternative energy projects. Ground-coupled 
heat pumps would be applicable for new buildings to support the reduction of energy 
use to synchronize with the output capacity of the cogeneration system.  
4.6.4 Installation of a Anaerobic Digester 
A recent study evaluated the installation of an anaerobic digester adjacent to the Waste 
Treatment Building. A site plan of the proposed site and equipment requires is 
presented in Figure No. 4-28. The intent was to collect waste from the university and 
surrounding areas to ultimately generate biogas (low heating value natural gas) for use 
in a diesel generator. The cost of the proposed project was $34 million with an output 
generation of 600 kW to 1,000 kW of electricity. By comparison the proposed 
combustion turbine is estimated to cost $30 million with a generation output of 8,000 
kW.  
Even though digester is not a preferred energy option, it is a solution to a solid waste 
issue for the university. There are new commercial food waste regulations in 
Massachusetts with the intent to reduce the amount of waste going to landfills. The 
university intends for this project to be a PPA with Division of Capital Asset 
Management and Maintenance (DCAMM) and Department of Environmental Protection 
(DEP).  
4.6.5 Snow Storage Facility 
As a potential way to reduce the chiller operation, a snow storage enhancement was 
considered. During the winter months the snow that is removed from parking lots could 
be stored in a large vault located near a chiller plant. During the spring months the snow 
would then be used as cooling source for the chilled water system. A general analysis 
was developed that included evaluating multiple sizes of vaults located adjacent to the 
existing Polymer Chiller Plant (approximately 25 feet by 240 feet). The vault would 
require truck access for snow storage and a potential insulated cover for long term 
storage. 
One of the primary challenges associated with the system would be the ice melt 
procedures. Assuming an effective melt system was employed, the potential output for a  
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storage vault of 100 ft. by 100 ft. with a 10 ft. depth would be 72,000 ton-hours. This 
would offset a 1,000 ton chiller operation for approximately 72 hours resulting in a 
potential savings of $7,290 per year. The annual savings and potential cost for each 
option is summarized in Table 4-25. For the size of the system evaluated, the 
economics do not provide justification to prioritize the system implementation.  
 
  
TABLE NO. 4-25:  SNOW STORAGE ANALYSIS
UNIVERSITY OF MASSACHUSETTS AMHERST
ICE COOLING CT AND ANNUAL
STORAGE ICE CAPACITY DAYS OF CAPITAL CHILLER ELECTRIC ELECTRIC SIMPLE
LENGTH WIDTH DEPTH VOLUME CAPACITY EFFICIENCY OF ICE STORAGE COSTS EFFICIENCY SAVED SAVED PAYBACK
(FT) (FT) (FT) (FT3) (LBS) (%) (TONS-HRS) (DAY) ($) (KW/TON) (KW) ($/YR) (YRS)
20 20 10 4,000         249,830        80 2,880           1.4           346,000        0.75 2,160           290              1,193           
30 30 10 9,000         562,120        6,480           3.2           778,000        4,860           660              1,179           
100 100 10 100,000     6,245,800     72,030         36.0         8,644,000     54,020         7,290           1,186           
240 25 10 60,000       3,747,480     43,220         21.6         5,186,000     32,420         4,380           1,184           
NOTES: 1. CAPITAL COST BASED UPON THE FOLLOWING FACTORS:
VAULT COSTS: 80 /TON-HR
HEAT EXCHANGER: 5 /TON-HR
PIPING COSTS: 20 /TON-HR
CONTROLS COSTS: 10 /TON-HR
PUMPING COSTS: 5 /TON-HR
TOTAL VAULT COSTS: 120 /TON-HR
2. AVERAGE DAILY LOAD FOR POLYMER DISTRICT (MARCH AND APRIL) IS APPROXIMATELY 2,000 TON-HRS A DAY
3.  DIFFERENCE IN ENTHALPY FOR MELTING ICE TO 60F WATER IS APPROXIMATELY 173 BTU/LB
4. ELECTRIC SAVINGS BASED UPON $0.135/KWH
FILE: P:\MD\14\114053A0\MP\CALC\4053-SOLAR.XLSX RMF 9 FEB 2015
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4.7 UMASS CAMPUS SUSTAINABILITY INITIATIVE  
The UMass has assumed a leadership role in sustainable development both locally and 
nationally. The UMass Campus Sustainability Initiative was created to inform, educate 
and promote sustainable practices to the campus community. The “Sustainable UMass” 
is involved in many programs that result in reductions in energy use and greenhouse 
gas emissions.  
The UMass approach is structured specifically for the characteristics and assets 
associated with the Amherst campus. The intent and goals of the Campus Sustainability 
Initiative are consistent with the guidelines identified by Executive Order 484 from the 
Commonwealth of Massachusetts. Executive Order 484 is a general guideline intended 
for all state agencies of varying size, function and assets. The following is a summary of 
the intent and general targets established by the Order. 
4.7.1 Summary of Executive Order 484 Energy and Emissions 
Requirements 
To address building energy use and environmental impacts the Commonwealth of 
Massachusetts published Executive Order 484 which provides directives and targets for 
state agencies.  
4.7.1.1 Directives 
The directives of this order as they pertain to the UMass Amherst campus are 
summarized below: 
• State agencies shall prioritize practices and programs that address a reduction in 
energy consumption derived from fossil fuels and emissions associated with such 
consumption. 
• State agencies shall comply with the Leading by Example Program to reduce 
their environmental impact. 
• State agencies shall track and measure progress towards clean energy and 
environmental goals, develop long-term programs to identify and implement cost 
effective initiatives that will result in environmental improvement, and offer 
educational and training efforts necessary to carry out the provisions of this 
Order and other related directives.  
4.7.1.2 Targets 
The Order provides the following utility and energy targets by which all agencies as a 
whole and, to the greatest extent feasible individually, shall meet: 
1. Reduce greenhouse gas emissions that result from operations by 25% by Fiscal 
Year 2012, 40% by 2020 and 80% by 2050 based upon a Fiscal Year 2002 
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baseline. The emissions reductions shall be measured on an absolute basis and 
not adjusted for facility expansion, load growth or weather. 
2. Reduce overall energy consumption by 20% by Fiscal Year 2012 and 35% by 
2020. Such reductions shall be based upon a Fiscal Year 2004 baseline and 
measured on a BTU per square foot basis. 
3. Procure 15% of annual electricity consumption from renewable sources by Fiscal 
Year 2012 and 30% by 2020. Only renewable sources that qualify for 
Massachusetts Renewable Portfolio Standard shall be eligible. 
4. Utilize bio heat products with a minimum blend of 3% bio based materials for all 
heating applications that use #2 fuel starting with the winter of 2007-2008 and 
10% bio heat blend by 2012. 
5. All new construction and major renovations must meet Massachusetts LEED 
Plus green building standard. 
6. Reduce potable water use as compared by 2006 by 10% by 2012 and 15% by 
2020. 
The Order identifies committees to assist in the directive as well as potential energy 
conservation measures which may be applicable for each site. A copy of the entire 
Executive Order 484 is included in the Appendix. While the Order addresses a wide 
range of campus activities, the areas which directly overlap with the scope of the 
Energy Master Plan are energy use and greenhouse gas emissions. The guidelines 
identified under Executive Order 484 pertaining specifically to energy use and 
greenhouse gas emissions are summarized below.  
Area Baseline Year Fiscal Year 2012 Target 
Fiscal Year 2020 
Target 
Greenhouse Gas FY 2002 25% 40% 
Energy FY 2004 20% 35% 
Electricity procured 
from renewables N/A 15% 30% 
 
4.7.2 UMass Comparison to Executive Order 484 
The directives of the order to prioritize energy conservation, comply with Lead by 
Example and monitor progress as well as developing short and long term planning are 
all consistent with the UMass campus sustainability initiative.  
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Since, fiscal year 2004 the university has accomplished significant reduction in campus 
energy use. From 2004 to FY 2014 the university has reduced energy (measured at the 
building) by 24% as presented in Figure No. 4-29. The university has been aggressive 
in obtaining the initial goal of Executive Order 484. Most of the energy conservation 
measures implemented have been costs effective; however, further reduction in energy 
will most likely require implementation of projects with simple payback periods beyond 
10 years. 
While the UMass is achieving significant results, there are specific conditions 
associated with the Amherst Campus which impact the energy and greenhouse gas 
comparisons to the targets set by Executive Order 484. The following are two major 
factors specific to Amherst Campus: 
• The campus is growing to support the educational programs and goals of the 
University of Massachusetts system. The addition of campus area to support 
expanding programs, research and student housing creates a challenge to 
reductions in absolute (total) greenhouse gas emissions. 
• The campus provides an ideal application for cogeneration which results in 
electric power generation at a level that is twice as efficient as (fossil fuel) utility 
power plants, because the campus can use the waste heat from the process for 
campus heating. This reduces the regional energy use, but increases the energy 
(fuel) supplied to the campus which is the primary component in calculating 
energy use for the Executive Order 484. 
• The university has implemented significant cost effective measures to reduce 
building energy. Therefore further reductions may result in significant cost to the 
university 
4.7.2.1 Fiscal Year 2012 Comparison 
The comparison of the UMass energy use and greenhouse gas emissions were 
developed based upon the general approach identified in Executive Order 484 as 
provided by the UMass consultant, Competitive Energy Solutions, and the UMass staff. 
A comparison of the reduction in the energy use and greenhouse gas emissions, 
specifically carbon, for fiscal year 2012 is presented in Table No. 4-26. 
Two additional calculations are also included in the table. The first calculation considers 
regional energy savings which would include fuel saved at regional electric utility plants 
as a result of the UMass cogeneration system. These savings are calculated based 
upon the New England Independent Service Operators average heat rate for power 
generation compared to the 70% efficient UMass cogeneration system. By calculating 
the regional savings and thereby incorporating the benefits of cogeneration the Fiscal 
Year 2012 energy reductions increase from 3% to 12%. 
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FIGURE NO. 4-29:  ANNUAL ENERGY USE PROJECTIONS
UNIVERSITY OF MASSACHUSETTS - AMHERST
Building Use
TABLE NO. 4-26: - FISCAL YEAR 2012 ENERGY USE AND GREENHOUSE GAS EMISSIONS
UNIVERSITY OF MASSACHUSETTS - AMHERST
REDUCTION
REPORTING BASELINE EXECUTIVE
METHOD COMPONENT BASELINE YEAR FY 2012 REPORTING TO FY 2012 ORDER 484
TARGET
EXECUTIVE GREENHOUSE GAS EMISSIONS (TOTAL) FY 2002 155,370       TPY 112,809       TPY 27% 25%
ORDER 484
ENERGY REDUCTIONS (LOCALIZED) FY 2004 181              KBTU/GSF/YR 176              KBTU/GSF/YR 3% 20%
ALTERNATIVE GREENHOUSE GAS EMISSIONS (PER GSF) FY 2002 15.6             TPY/(1000 GSF) 10.0             TPY/ (1000 GSF) 36% 25%
ENERGY REDUCTIONS (REGIONAL) FY 2004 181              KBTU/GSF/YR 159              KBTU/GSF/YR 12% 20%
NOTES: 1.  SUMMARY OF ENERGY USE (FROM UMA DATA):
AREA BUILDING ENERGY EUI
FY 2004 10,022,960     gsf 1,811,234,760      KBtu/yr 181                          Kbtu/gsf/yr
FY 2012 11,279,169     gsf 1,986,810,783      KBtu/yr 176                          Kbtu/gsf/yr
FY2012 - REGIONAL 11,279,169     gsf 1,791,590,435      KBtu/yr 159                          Kbtu/gsf/yr
    REGIONAL ENERGY SAVINGS FROM POWER GENERATION = 5,548 BTU/KWH (AVERAGE NE ISO HEAT RATE) - 3413 BTU/KWH = 2,135 BTU/ PER KWH GENERATED
FY 2012 POWER GENERATED = 91,438,102           kwh
BUILDING (REGIONAL) ENERGY FOR FY 2012 = 1,986,810,783 KBtu/yr - 91,438,102 kwh/yr x 2,135 Btu/kwh / 1,000
2. GREENHOUSE GAS EMISSIONS (PER GSF) ARE BASED UPON THE FOLLOWING:
FY 2002 AREA 9,972,960       GSF
FY 2012 AREA 11,279,169     GSF
3.  AVERAGE NE ISO HEAT RATE ESTIMATED FROM THE DATA BELOW (SOURCE: NPCC FOR NEW ENGLAND)
FUEL TYPE PERCENT
FOSSIL 
FUEL 
EFFICIENCY
ESTIMATED 
ENERGY USE
NON HYDRO RENEWABLES 6.10% n/a -                        BTU/KWH
HYDRO 5.90% n/a -                        BTU/KWH
NUCLEAR 29.50% n/a -                        BTU/KWH
OIL 0.80% 35% 78                         BTU/KWH
GAS 45.30% 35% 4,417                    BTU/KWH
COAL 10.80% 35% 1,053                    BTU/KWH
OTHER NOT IDENTIFIED 1.60% n/a -                        BTU/KWH
TOTAL 5,548                    BTU/KWH
RMF 9 FEB 2015
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Since the Executive Order 484 greenhouse gas targets are based upon total emissions, 
the projected campus growth will present a significant obstacle to achieving these 
targets. Therefore, a second additional calculation was included to estimate the annual 
equivalent carbon emissions on a per gross square foot basis. This will account for 
campus growth in calculating carbon emissions. The reduction in total carbon emissions 
for fiscal year 2012 was 27% as reported by UMass. If considered on a per square foot 
basis the reduction increases to 36%. 
4.7.2.2 Fiscal Year 2020 Projections 
Further reductions in energy use and equivalent carbon emissions are expected as the 
UMass continues to explore new sustainability opportunities and energy efficient 
programs. The Energy Master Plan is intended to provide guidance to the UMass to 
maintain and continue to develop an energy infrastructure that is reliable, maintainable 
and efficient. The plan specifically identifies areas requiring capital renewal, capacity 
increases and opportunities to improve efficiency and alternative energy use. The 
recommendations for projects that reduce energy use or rely on an alternative fuel are 
based upon economic advantages associated with implementing these systems. 
Several of the projects recommended by the Energy Master Plan will support the 
UMass campus sustainability initiative. In addition there are several projects that do not 
have merit based solely upon economics; however, could provide significant qualitative 
advantages or viable alternatives to support the campus sustainability initiative. 
4.7.2.3 Future Campus Expansion and Energy Load Increases 
The UMass campus continues to grow to support the program needs of the institution. 
The new buildings which total approximately 1,387,000 gsf of conditioned space, 
include 548,000 gsf of laboratory and data center facilities. The anticipated building 
energy use on a per square foot basis for future buildings is anticipated to be 
significantly higher than the existing campus aggregate, because of the higher 
percentage of energy intense science area. While the university continues to strive to 
reduce energy use; the development of the modern program space will increase the 
challenges associated with reducing campus energy use. 
Based upon the estimated load projections the 12% increase in area will correspond to 
a 26% increase in campus energy use, because of the addition of the higher energy 
intensity buildings for research and science programs as well as a major data center.  
4.7.2.4 Energy Master Plan Recommended Projects and Energy 
Reduction 
The Energy Master Plan has developed recommendations to ensure reliable capacity, 
optimize system operation, and minimize energy use through cost effective 
enhancements. The recommended utility projects were grouped into three categories 
with the following estimated annual energy savings: 
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• Steam System (Distribution Piping Replacements):   10,000 MMBtu/yr  
• Chilled Water Optimization:      12,000 MMBtu/yr  
• Building Energy Conservation Measures:  146,000 MMBtu/yr 
Total        168,000 MMBtu/yr 
These projects are recommended to be implemented prior to Fiscal Year 2020. The 
following two electric generation projects are also recommended within a similar 
timeframe. 
• Campus Solar Photovoltaic Projects 
• Expand Cogeneration 
These generation projects do not reduce the building energy consumption; however, 
they do produced electric power with less energy use than current regional power 
producers. Therefore, they will reduce regional energy savings, but not in the energy 
consumed on campus.  
The potential energy savings were projected from 2014 to 2020 to estimate the annual 
energy consumption for the campus. A graph summarizing these results is presented in 
Figure No. 4-30. This graph also identifies the Executive Order 484 target for Fiscal 
Year 2020. The energy improvement projects proposed by the Energy Master Plan fall 
significantly short of achieving the Executive Order 484 goals. However, if the regional 
energy savings associated with the two on-site power generation projects are included, 
then the UMass is much closer to achieving the Executive Order 484 target. 
The Executive Order 484 greenhouse gas targets, specifically equivalent carbon 
emissions, were also compared to the impact of the proposed Energy Master Plan 
projects. The total carbon emissions were calculated for each year from 2014 to 2020 
based upon campus growth and the potential savings from the Energy Master Plan 
projects. A graph identifying the projected equivalent carbon emissions is presented in 
Figure No. 4-31. The potential gross increase in carbon emissions from 2012 to 2020 is 
consistent with the previously identified campus load growth. The Energy Master Plan 
projects, including the Solar Photovoltaic Project, provide a significant reduction in total 
carbon emissions; however, these reductions are approximately one-third of the 
reductions needed to achieve the Executive Order 484 target. If the carbon emissions 
were considered on a per square foot basis, the UMass would nearly achieve the 
Executive Order 484 target reductions based on the Energy Master Planning projects 
alone as indicated in Figure No. 4-32. 
While the proximity to the targets varies depending on whether regional energy savings 
are considered or carbon emissions are measured on a per square foot basis; under 
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either approach the UMass will fall short of the Executive Order 484 targets without 
additional project considerations as noted in the following comparison. 
Area 
Executive Order 
484 Fiscal Year 
2020 Targets 
Projected w/o 
Regional Savings 
or carbon 
accounting per gsf 
Projected with 
Regional Savings 
and carbon 
accounting per gsf 
Greenhouse Gas 40% 18% 36% 
Energy 35% 2% 22% 
Electricity procured 
from renewables 30% 32% 32% 
 
The electric procured from renewables is based upon the net electric generated by the 
proposed Solar Photovoltaic Project compared to the net electric purchased. 
4.7.2.5 Additional Energy Projects with Potential to Support 
Sustainability Initiatives 
Matching the Executive Order 484 targets without considering regional energy savings 
or carbon emissions on a per gsf basis will be very difficult and may not be realistically 
achievable with current industry technologies. The campus energy use can be divided 
into the following areas for fiscal year 2020: 
 Building Energy Use:   85% 
 Steam Distribution Heat Loss:   6% 
 In-plant Steam Use for Process Loads:  9% 
In order to achieve the scale of reductions necessary to match the Executive Order 484 
targets without additional consideration for regional savings and carbon accounting on 
per gsf basis, major projects would need to focus on significant reductions in building 
energy use or possible fuel switching to further reduce carbon emissions. 
There are projects identified within the Energy Master Plan that reduce energy use and 
equivalent carbon emissions, but are currently not recommended based upon economic 
comparisons. The following are project considerations with adequate scale to have 
significant impacts: 
• Biomass Boiler Project 
• Building Energy Conservation Projects with extended simple payback periods 
Projects TBD
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FIGURE NO. 4-30:  ANNUAL ENERGY USE PROJECTIONS
UNIVERSITY OF MASSACHUSETTS - AMHERST
Executive Order 484 Target
Campus Energy Use
Campus Energy w/ Regional Savings
 -
 20,000
 40,000
 60,000
 80,000
 100,000
 120,000
 140,000
 160,000
 180,000
 200,000
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
M
e
t
r
i
c
 
T
o
n
n
e
s
 
p
e
r
 
y
e
a
r
FIGURE NO. 4-31:  CO2 EMISSIONS PROJECTIONS - BASED ON TOTAL 
ANNUAL EMISSIONS
UNIVERSITY OF MASSACHUSETTS - AMHERST
Campus Efficiency
Solar PV
Additional Reductions Needed to Meet EO484
Executive Order 484 Target
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FIGURE NO. 4-32:  CO2 EMISSIONS PROJECTIONS - BASED ON ANNUAL 
EMISSION PER GROSS SQUARE FEET
UNIVERSITY OF MASSACHUSETTS- AMHERST
Campus Efficiency
Solar PV
Additional Reductions Needed to Meet EO484
Executive Order 484 Target
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While there are many small scale projects that can contribute to matching the Executive 
Order 484 targets, fuel switching and major building renovations represent the greatest 
initial opportunities with the largest impact. The building energy conservation projects 
represent potential opportunities with simple payback periods beyond 10 years. 
Investigation into the amount of potential projects through energy auditing would be 
necessary to fully establish these opportunities. The UMass continually evaluates 
potential energy conservation measures and typically only projects with simple payback 
periods of less than 10 years are funded. A generalized summary of cost and potential 
energy savings for projects which may have a 15-year or 20-year simple payback is 
presented in Table No. 4-27. It must be stressed that these calculations are generalized 
estimates of potential savings and will vary from project-to-project. The savings 
estimates were generated for a general comparison. 
The savings potential of the additional energy conservation measures were compared 
to similar potential savings associated with the Biomass Boiler Project. A summary of 
the economics, energy reduction and potential carbon savings associated with the 
Biomass Boiler Project and additional building energy conservation measures are 
presented in Table No. 4-28. The additional life cycle cost noted in the table is based 
upon the analyses developed with the Energy Master Plan. The carbon savings and 
energy reductions also are referenced from the previous analysis. A unit cost to reduce 
annual carbon emissions on a per metric tonne basis was developed by dividing the 25-
year life cycle additional cost by 25 years and then dividing by the project annual carbon 
savings. These costs can be compared to alternative projects to prioritize options to 
reduce carbon emissions. Based on this comparison investing in building energy 
reductions would result in a much greater impact on both carbon emissions and campus 
energy use. Further investigation into identifying building energy conservation projects 
with higher simple payback periods is immediately recommended to fully evaluate the 
most appropriate next steps. 
The recommendation for the anaerobic digester was deferred to UMass based upon 
ongoing regulatory consideration of advantages and disadvantages. While the UMass 
would not be responsible for the cost of this project, there would be an opportunity to 
generate electric power from the waste gas. If this project is implemented, then carbon 
emissions savings would be realized and regional energy use could be reduced as 
follows: 
 Carbon:   1,100 TPY (~1% reduction) 
 Energy:  20,000 MMBtu (~1% reduction) 
[Based upon an estimated 3,500,000 kWh of electric power generation] 
  
TABLE NO. 4-27:  GENERAL COMPARISON OF ENERGY AND CARBON REDUCTIONS ASSOCIATED 
WITH ECM'S THAT HAVE AN EXTENDED SIMPLE PAYBACK PERIOD
UNIVERSITY OF MASSACHUSETTS - AMHERST
BUILDING ENERGY CONSERVATION 
PROJECTS WITH SIMPLE PAYBACK OF 
15-YEARS
BUILDING ENERGY CONSERVATION 
PROJECTS WITH SIMPLE PAYBACK OF 
20-YEARS
INITIAL INVESTMENT (WILL VARY BASED UPON OPPORTUNITIES) 20,000,000$              20,000,000$                
ANNUAL SAVINGS 1,333,000$                1,000,000$                  
AVERAGE ENERGY COST 12$                            /MMBTU 12$                              /MMBTU
POTENTIAL SAVINGS 111,083                     /MMBTU 83,333                         /MMBTU
ANNUAL REDUCTION IN ENERGY USE (BASED ON FY 2020) 5.0% 3.7%
NET COST TO UMA (ASSUMING 10-YR PAYBACK IS BREAKEVEN) 667,000$                   PER YEAR 1,000,000$                  PER YEAR
POTENTIAL CARBON REDUCTIONS 5,999                         TPY 4,500                           TPY
UNIT COST PER MMBTU SAVED 6.00$                         /MMBTU/YR 12.00$                         /MMBTU/YR
UNIT COST PER METRIC TONNE REDUCED 111$                          /TONNE/YR 222$                            /TONNE/YR
RMF 9 FEB 2015
TABLE NO. 4-28: GREENHOUSE GAS AND ENERGY REDUCTION COMPARISON FOR DEFERRED PROJECTS
UNIVERSITY OF MASSACHUSETTS - AMHERST
ADDITIONAL 25-
YEAR
IMPACT ON CARBON EMISSIONS IMPACT ON ENERGY REDUCTION
LIFE CYCLE CARBON % OF UNIT ENERGY % OF
DEFERRED PROJECT COSTS REDUCTION TOTAL COST SAVINGS TOTAL
(TPY) ($/TONNE) (MMBTU/YR)
BIOMASS BOILER SYSTEM HP (60,000 PPH) 39,622,000$       34,700            27.6% 46                   (256,268)               -11.4%
BIOMASS BOILER SYSTEM MP (60,000 PPH) 48,200,000$       4,700              3.7% 410                 (30,564)                 -1.4%
BUILDING ENERGY CONSERVATION (15-YR PAYBACK PROJECTS) 11,000,000$       5,800              5% 76                   111,000                5%
BUILDING ENERGY CONSERVATION (15-YR PAYBACK PROJECTS) 17,000,000$       4,300              3% 158                 83,300                  3%
RMF 10 FEB 2015
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4.7.3 Summary 
The UMass Campus Sustainability Initiative has developed many effective programs 
based upon the unique and specific operations of the UMass campus. These projects 
and future programs are consistent with the directives of Executive Order 484. The 
UMass campus is consistently developing to meet the standards for education and 
research. This campus development creates significant obstacles and challenges 
associated with meeting the general targets of Executive Order 484. As the UMass 
campus has grown several projects such as the cogeneration system, energy efficiency 
improvements, district cooling initiatives, etc… have also been implemented to minimize 
energy use and equivalent carbon emissions. When considering the resulting savings in 
regional energy use and carbon emissions on a per gsf basis the Executive Order 484 
targets for fiscal year 2020 appear achievable. Without these considerations the targets 
are not achievable without major cost expenditures that would include reducing the 
current building energy use by 30% campus wide. This would be an aggressive 
approach with anticipated substantial cost. Prior to moving forward with significant costs 
the UMass should establish the impact of demonstrating compliance with Executive 
Order 484 in lieu of meeting the specific targets as defined by the Order. 
The following steps are recommended: 
1. Formalize an Executive Order 484 Plan that demonstrates UMass compliance 
with the directives and justifies UMass’s recommended approach to accounting 
for energy use and carbon emissions. 
2. Organize and identify additional building energy conservation measures that will 
be prioritized based on simple payback as well as energy and carbon emissions 
benefits.  
3. Identify the specific costs to achieve the targets based upon the potential energy 
conservation measures. 
4. Develop a process for updating the Executive Order 484 Plan on an annual basis 
to account for potential energy projects and a funding plan. 
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4.8 SUMMARY OF ENERGY PLAN AND RECOMMENDATIONS 
4.8.1 Energy Monitoring and Management 
The Comprehensive Energy Master Plan relied upon a significant amount of meter data 
to establish existing conditions and system efficiencies. While a significant amount of 
metering is in place; there are several key areas where metering should be added: 
• Steam used within the CHP and exported to campus 
• Energy used and chilled water generation at each district cooling plant 
The above data will assist in identifying opportunities to improve system efficiency. In 
addition the metering and monitoring of all energy use as well as steam and chilled 
water generation are critical to assisting plant operators to determine the most cost 
effective combination of equipment to operate based upon load profile, utility costs and 
available equipment 
As a recommendation of the Comprehensive Energy Master Plan a system-wide energy 
monitoring and management enhancement is proposed. Most of the foundation of this 
program is in place; however, adding key factors such as equipment efficiencies and 
daily utility pricing can provide accurate cost data valuable to the optimum operation of 
the system. The initial step in implementing this program is installing the meters in the 
CHP and chilled water plants. The next step is developing overlay to access key meter 
data from the campus system to represent real time loading. The key component is an 
algorithm that will calculate hourly energy use and cost associated with deployment of 
various equipment based upon fuel use and CHP equipment. For example, the system 
will determine if staging on the next absorption chiller will increase or reduce cost based 
upon the power generation and potential blending of the LNG fuel necessary for the 
increased steam load.  
4.8.2 Energy Plan and Recommendation 
The Comprehensive Energy Master Plan for the University of Massachusetts, Amherst 
campus, is intended to provide a guideline for the university to maintain and upgrade 
utility infrastructure in order to maintain and improve the reliability, efficiency and 
compliance with policies regarding sustainability and stewardship. Throughout the 
system analysis options were developed and ranked based upon life cycle costs and 
qualitative considerations such as reliability and operations. In addition to life cycle cost, 
energy savings, and carbon reductions are key factors in developing the final 
recommendation. The university is committed to reducing energy use and carbon 
emissions as a fundamental goal of the Sustainable UMass program. A complete list of 
the options evaluated for the Comprehensive Energy Plan is provided in Table No. 4-29. 
Included in this table is the life cycle cost, energy savings, and carbon reductions for  
TABLE NO. 4-29: FUTURE PROJECT COMPARISON
UNIVERSITY OF MASSACHUSETTS AMHERST
TOTAL LOCAL REGIONAL
CAPITAL PRESENT CARBON ENERGY ENERGY
UTILITY DESCRIPTION COSTS VALUE REDUCTION REDUCTION REDUCTION
($ MILLION) ($ MILLION) (TPY) (MMBTU/YR) (MMBTU/YR)
STEAM GENERATION NATURAL GAS BOILER 10.8 555,000          ---   ---     ---
8 MW COMBUSTION TURBINE 34.8 532,000         3,600                   (30,000) 170,000       
10 MW COMBUSTION TURBINE 55.3 555,000         300                    (100,000) 120,000       
12 MW COMBUSTION TURBINE 61.3 557,000         800                    (100,000) 130,000       
60,000 PPH BIOMASS HIGH PRESSURE 33.4 571,000         38,300               (160,000) (170,000)     
60,000 PPH BIOMASS MEDIUM PRESSURE 
BOILER 33.4 589,000         400                      (90,000) (100,000)     
100,000 PPH BIOMASS HIGH PRESSURE 70.1 599,000         51,800               (230,000) (230,000)     
DISTRIBUTION REPLACEMENT OF EX. 8,200 LF OF STEAM DISTRIBUTION 5.4  --- 531                       10,000  10,000         
INSTALLATION OF LOOP STEAM 
DISTRIBUTION PIPING 13.5  ---  ---   ---     ---
OTHER DEVELOP HOT WATER DISTRICTS(PER 5 BLDG) TBD 21                              400  400              
CHILLED ISB INDIVIDUAL UNITS (6 BUILDINGS) 5.9 25,600            ---   ---     ---
WATER DISTRICT PLANT
(FUTURE BUILDING ONLY) 5.4 24,900           16.31                           170  170              
DISTRICT PLANT (ENTIRE SITE) 6.7 25,100           36                              380  380              
POLYMER INDIVIDUAL UNITS (12 BUILDING) 25.7 48,000            ---   ---     ---
DISTRICT PLANT (NE BLDG ONLY) 23.4 39,500           141                         1,470  1,470           
DISTRICT PLANT (ENTIRE SITE) 26.9 41,000           256                         2,670  2,670           
DISTRICT PLANT
(ENTIRE SITE W/ LOOP PIPING) 29.2 43,300           256                         2,670  2,670           
LIBRARY INDIVIDUAL UNITS (5 BLDGS) 6.2 12,300            ---   ---     ---
DISTRICT PLANT 5.7 10,600           288                         3,000  3,000           
DINING INDIVIDUAL UNITS (5 BLDGS) 1.7 3,700              ---   ---     ---
DISTRICT PLANT 2.4 4,100              ---   ---     ---
HONORS INDIVIDUAL UNITS (5 BLDGS) 5.1 12,700            ---   ---     ---
DISTRICT PLANT 3.1 9,500             38                              400  400              
WHITMORE INDIVIDUAL UNITS (5 BLDGS) 2.2 7,400              ---   ---     ---
DISTRICT PLANT 2.5 7,100             19                              200  200              
BUILDING OTHER ANAEROBIC DIGESTER PPA  --- 720                       12,290  12,290         
PROJECTS
WIND TURBINE 0.2  ---  ---               84  84                
CENTRALIZED GEOTHERMAL TBD
SNOW STORAGE FACTILITY 5.2  --- 10                              100  100              
SOLAR PROJECT PPA  --- 10,000                171,000  171,000       
TOTAL 108.0 631,300         15,520                   170,524  370,524       
NOTE:                     - RECOMMENDED PROJECT
FILE: P:\MD\14\114053A0\MP\CALC\114053-SCHEDULE.XLSX RMF 28 SEP 2014
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each option. While the proposed master plan is based primarily upon life cycle cost and 
qualitative considerations; many additional projects may be warranted based upon 
energy savings or carbon reductions depending upon the priority and cost advantages 
associated with these benefits. The recommended Energy Systems Sustainability Plan 
should establish the cost metrics to determine the priority for implementing other 
projects which do not result in life cycle cost savings, but do provide the benefit of 
energy and carbon emissions reductions. 
The recommendations for the campus utility infrastructure upgrades as well as the 
timing and funding requirements are listed in Table No. 4-30. The overall plan, if 
implemented, will leverage the existing cogeneration system and future addition to 
provide approximately 90% of the steam supply to campus and roughly all of the electric 
load as indicated in Figure No. 4-33. 
 
  
TABLE NO. 4-30: FUTURE UTILITY PROJECTS
UNIVERSITY OF MASSACHUSETTS AMHERST
COST ESCALATED FY FY FY FY FY FY FY FY FY
UTILITY DESCRIPTION IN 2014$ COSTS 2015 2016 2017 2018 2019 2020 2021 2022 >2022
($ MILLION) ($ MILLION) ($) ($) ($) ($) ($) ($) ($) ($) ($)
FUTURE VZW DAS - LOT 12 --- ---
BUIDLINGS CHAMPIONS CENTER --- ---
FURCOLO HALL (RENOVATION) --- ---
LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) --- ---
INTEGRATED DESIGN BUILDING --- ---
LIFE SCIENCES LABORATORY (DATA CENTER) --- ---
CHAPEL (FULLY OCCUPIED) --- ---
PHYSICAL SCIENCE BUILDING --- ---
SOUTH COLLEGE ACADEMIC FACILITY --- ---
HILLS HOUSE (DEMO) --- ---
BARTLETT HALL (DEMO) --- ---
ISENBERG SCHOOL OF MANAGEMENT ADDITION --- ---
WORCESTER DINING HALL (RENOVATION) --- ---
HAMPDEN DINING HALL (RENOVATION) --- ---
SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES --- ---
UNIVERSITY HEALTH CENTER --- ---
ACADEMIC BUILDING AT EXISTING BARTLETT HALL --- ---
CENTRAL PARKING STRUCTURE --- ---
ACADEMIC/STUDENT LIFE BUILDING --- ---
STEAM REPLACEMENT OF EX. 8,200 LF OF STEAM DISTRIBUTION 17.4 19.5 4.9 4.9 4.9 4.9
INSTALLATION OF LOOP STEAM DISTRIBUTION PIPING 13.5 15.1 3.8 3.8 3.8 3.8
EXPAND COGENERATION SYSTEM (8.0 MW COMB. TURBINE) 34.8 44.0 0.6 2.5 9.9 11.1 12.3 7.6
DEVELOP HOT WATER DISTRICTS TBD --- TBD
CHILLED EXPAND POLYMER DISTRICT (2,600 TON AND 1,500 LF) 30.0 FUNDED
WATER INSTALL 3,800 TONS AT POLYMER FOR  11 EX. BUILDINGS 14.1 18.3 18.3
EXPAND ISB DISTRICT (1,500 TONS) (2 NEW BUILDINGS) 4.4 4.9 4.9
INSTALL  1,100 LF OF PIPING ON ISB DISTRICT TO CONNECT 3.5 4.5 4.5
DEVELOP NEW LIBRARY DISTRICT (1,100 TONS AND  500 LF) 5.4 6.1 6.1
EXPAND HONORS COLLEGE DISTRICT (560 TONS AND 650 LF) 3.6 4.8 4.8
EXPAND WHITMORE DISTRICT (1,200 LF) 3.5 4.2 4.2
BERKSHIRE DINING CHILLER REPLACEMENT (200 TONS) 0.5 0.6 0.6
ELECTRIC TRANSMISSION SUBSTATION 23.0 FUNDED
INSTALL NORTH SWITCH STATION 4.7 5.3 5.3
INSTALL SOUTH SWITCH STATION 4.7 6.2 6.2
BUILDING LOAD MANAGEMENT / REDUCTION (10%) 30.0 33.6 8.4 8.4 8.4 8.4
PROJECTS SOLAR PROJECT PPA ---
TOTAL 193.2 131.9 14.1 27.7 16.6 24.7 9.0 10.0 21.1 3.7 5.0
NOTES: 1. ESCALATION COST BASED UPON 6.5% ESCALATION FACTOR FOR 2015, 5.5% FOR 2016 AND 2017, AND 3.0% BEYOND 2017
2.  FUTURE RADIAL STEAM AND CHILLED WATER PIPING NOT INCLUDED.  THE COST TO INSTALL WILL BE INCLUDED IN THE COST OF THE BUILDING
FILE: P:\MD\14\114053A0\MP\CALC\114053-SCHEDULE.XLSX RMF 9 FEB 2015
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FIGURE NO. 4-33: ANNUAL ENERGY USE SUMMARY
UNIVERSITY OF MASSACHUSETTS AMHERST 
Building Energy Reduction
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 5.1 ELECTRIC BUILDING METER DATA 
  
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
2 ARNOLD HOUSE ACADEMIC/RESEARCH (MAJOR) 44,353            70          1.58       154,252           77          1.74       120,213           
7 BERKSHIRE HOUSE ADMIN/SUPPORT (MAJOR) 21,958            50          2.28       186,032           44          2.00       150,291           
12 CRABTREE HOUSE RESIDENTIAL 33,296            77          1.13       306,754           77          1.13       257,273           
26 KNOWLTON HOUSE RESIDENTIAL 34,926            
13 LINCOLN APARTMENTS UNIT 1 RESIDENTIAL 7,815              70          1.09       264,078           63          0.98       207,463           
14 LINCOLN APARTMENTS UNIT 2 RESIDENTIAL 4,615              
15 LINCOLN APARTMENTS UNIT 3 RESIDENTIAL 5,622              
16 LINCOLN APARTMENTS UNIT 4 RESIDENTIAL 4,520              
17 LINCOLN APARTMENTS UNIT 5 RESIDENTIAL 11,333            
18 LINCOLN APARTMENTS UNIT 6 RESIDENTIAL 6,793              
19 LINCOLN APARTMENTS UNIT 7 RESIDENTIAL 4,596              
20 LINCOLN APARTMENTS UNIT 8 RESIDENTIAL 4,509              
21 LINCOLN APARTMENTS UNIT 9 RESIDENTIAL 4,618              
22 LINCOLN APARTMENTS UNIT 10 RESIDENTIAL 5,193              
23 LINCOLN APARTMENTS UNIT 11 RESIDENTIAL 4,656              
25 HAMLIN HOUSE RESIDENTIAL 35,474            45          1.27       145,702           42          1.18       126,121           
27 LEACH HOUSE RESIDENTIAL 33,294            40          1.20       133,228           42          1.26       115,503           
28 LEWIS HOUSE RESIDENTIAL 36,400            113        1.05       450,039           113        1.05       383,898           
30 THATCHER HOUSE RESIDENTIAL 34,342            
34 MARY LYON HOUSE RESIDENTIAL 36,982            
29 NEW AFRICA (MILLS HOUSE) ACADEMIC/RESEARCH (MAJOR) 35,988            44          1.22       107,189           51          1.42       103,820           
32 VAN METER HOUSE RESIDENTIAL 98,239            94          0.96       337,453           87          0.89       280,838           
33 WHEELER HOUSE RESIDENTIAL 35,507            46          1.30       154,210           44          1.24       127,578           
35 DWIGHT HOUSE RESIDENTIAL 38,300            43          1.12       143,908           43          1.12       124,412           
36 JOHNSON HOUSE RESIDENTIAL 34,950            46          1.32       160,587           41          1.17       137,829           
37 HILLS HOUSE ACADEMIC/RESEARCH (MAJOR) 102,699          104        1.01       363,506           100        0.97       296,441           
57 CHANCELLOR'S HOUSE RESIDENTIAL 10,475            28          2.67       57,039             29          2.77       49,191             
81 GOESSMANN LABORATORY ACADEMIC/RESEARCH (MAJOR) 58,676            586        3.87       2,369,804        599        3.96       1,836,969        
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
82 GOESSMANN LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 92,741            
85 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 47,294            287        4.14       1,237,602        284        4.10       1,001,836        
86 WORCESTER DINING HALL ADDITION ADMIN/SUPPORT (MAJOR) 22,011            
87 DRAPER HALL ACADEMIC/RESEARCH (MAJOR) 31,452            51          1.29       117,018           47          1.19       83,407             
88 DRAPER HALL ANNEX ACADEMIC/RESEARCH (MINOR) 8,037              
89 EAST EXPERIMENT STATION ACADEMIC/RESEARCH (MINOR) 5,765              16          2.78       27,067             15          2.60       22,310             
91 GUNNESS LABORATORY ACADEMIC/RESEARCH (MAJOR) 21,331            60          2.81       152,679           62          2.91       140,113           
92 MARSTON HALL ACADEMIC/RESEARCH (MAJOR) 63,601            132        2.08       410,866           138        2.17       350,162           
93 AGRICULTURAL ENGINEERING BLDG SOUTH ACADEMIC/RESEARCH (MAJOR) 17,219            91          5.28       297,265           60          3.48       184,155           
97 FERNALD HALL ACADEMIC/RESEARCH (MAJOR) 34,243            95          2.77       319,081           86          2.51       258,664           
100 FLINT LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,133            21          0.72       58,497             33          1.13       55,379             
101 CHENOWETH LABORATORY ACADEMIC/RESEARCH (MAJOR) 11,402            216        3.68       817,080           244        4.16       684,949           
344 CHENOWETH LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 47,277            
104 FRENCH HALL ACADEMIC/RESEARCH (MAJOR) 24,628            56          1.45       204,824           45          1.17       149,691           
105 FRENCH HALL GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 13,990            
107 BARTLETT HALL ACADEMIC/RESEARCH (MAJOR) 113,750          174        1.53       443,827           186        1.64       441,012           
111 MACHMER HALL ACADEMIC/RESEARCH (MAJOR) 72,041            87          1.21       233,007           97          1.35       201,334           
116 MUNSON HALL ADMIN/SUPPORT (MAJOR) 13,180            36          1.67       23,661             18          0.82       35,534             
117 MUNSON HALL ANNEX ACADEMIC/RESEARCH (MINOR) 8,328              
120 PAIGE LABORATORY ACADEMIC/RESEARCH (MAJOR) 29,561            30          1.01       27,523             30          1.01       7,953               
121 HICKS PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 21,879            91          0.77       363,513           93          0.78       318,165           
122 HICKS PHYSICAL EDUCATION CAGE ADMIN/SUPPORT (MAJOR) 84,336            
576 HICKS PHYSICAL EDUCATION CAGE ADDITION ADMIN/SUPPORT (MAJOR) 12,347            
123 TOTMAN PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 113,048          97          0.86       373,249           97          0.86       42,287             
124 HASBROUCK LABORATORY ACADEMIC/RESEARCH (MAJOR) 32,210            196        1.82       910,203           177        1.64       711,088           
318 HASBROUCK LABORATORY ADDITION ACADEMIC/RESEARCH (MAJOR) 75,761            
126 MORRILL SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 61,921            200        3.23       751,923           183        2.96       522,966           
127 MORRILL SCIENCE CENTER II ACADEMIC/RESEARCH (MAJOR) 90,682            269        2.97       1,165,890        269        2.97       1,101,646        
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
128 SKINNER HALL ACADEMIC/RESEARCH (MAJOR) 63,352            94          1.48       310,173           98          1.55       266,223           
129 SOUTH COLLEGE ACADEMIC/RESEARCH (MAJOR) 31,266            46          1.47       103,497           49          1.57       89,286             
130 STOCKBRIDGE HALL ACADEMIC/RESEARCH (MAJOR) 80,601            139        1.72       374,694           127        1.58       296,829           
131 STUDENT UNION ADMIN/SUPPORT (MAJOR) 108,291          162        1.50       544,497           220        2.03       561,438           
132 DICKINSON HALL ACADEMIC/RESEARCH (MAJOR) 29,820            54          1.81       196,111           43          1.44       147,754           
135 BOWDITCH HALL ACADEMIC/RESEARCH (MAJOR) 12,396            47          3.79       103,281           50          4.03       81,318             
701 RESEARCH & EDUCATION GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 16,085            397        24.68     1,380,369        357        22.19     1,226,905        
170 PHYSICAL PLANT BUILDING ADMIN/SUPPORT (MAJOR) 63,815            263        1.66       1,153,099        250        1.58       840,277           
398 PHYSICAL PLANT BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 94,350            
171 GOODELL BUILDING ADMIN/SUPPORT (MAJOR) 34,047            270        2.09       1,189,324        268        2.07       819,131           
172 GOODELL BUILDING ADDITION ADMIN/SUPPORT (MAJOR) 95,230            
289 FURCOLO HALL ACADEMIC/RESEARCH (MAJOR) 112,163          70          0.62       212,312           76          0.68       160,418           
290 MORRILL SCIENCE CENTER III ACADEMIC/RESEARCH (MAJOR) 65,657            339        4.58       1,494,056        317        4.28       1,140,878        
508 MORRILL SCIENCE CENTER GREENHOUSE ADDITIONACADEMIC/RESEARCH (MINOR) 8,381              
291 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 38,734            282        4.13       790,641           302        4.42       640,820           
418 UNIVERSITY HEALTH CENTER ADDITION ADMIN/SUPPORT (MAJOR) 29,628            
293 ENGINEERING SHOPS BUILDING ACADEMIC/RESEARCH (MAJOR) 44,968            124        2.76       380,666           132        2.94       356,856           
295 BRETT HOUSE RESIDENTIAL 51,568            285        5.53       294,767           132        2.56       201,607           
296 HOLDSWORTH HALL ACADEMIC/RESEARCH (MAJOR) 64,255            88          1.37       269,230           95          1.48       218,954           
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING ACADEMIC/RESEARCH (MAJOR) 75,429            448        5.94       1,393,659        523        6.93       1,245,126        
319 BOYDEN GYMNASIUM ADMIN/SUPPORT (MAJOR) 208,913          233        1.12       897,101           219        1.05       775,761           
329 MAHAR AUDITORIUM ACADEMIC/RESEARCH (MINOR) 19,141            111        5.80       85,522             85          4.44       67,395             
330 GRAYSON HOUSE RESIDENTIAL 77,484            206        2.66       794,398           205        2.65       672,048           
331 DICKINSON HOUSE RESIDENTIAL 77,879            ---           ---             ---                      ---           ---             ---                    
332 FIELD HOUSE RESIDENTIAL 77,484            203        2.62       756,945           203        2.62       678,173           
333 WEBSTER HOUSE RESIDENTIAL 77,880            ---           ---             ---                      ---           ---             ---                    
334 FRANKLIN DINING HALL ADMIN/SUPPORT (MAJOR) 60,100            391        6.51       1,311,761        417        6.94       1,104,685        
343 MARCUS HALL ACADEMIC/RESEARCH (MAJOR) 67,971            167        2.46       929,352           166        2.44       758,904           
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
347 MORRILL SCIENCE CENTER IV ACADEMIC/RESEARCH (MAJOR) 121,765          552        4.53       3,439,078        510        4.19       2,738,814        
352 KENNEDY HOUSE RESIDENTIAL 149,058          188        1.26       625,331           188        1.26       551,624           
353 COOLIDGE HOUSE RESIDENTIAL 150,560          172        1.14       631,342           170        1.13       534,367           
354 ADAMS, JOHN HOUSE RESIDENTIAL 149,743          177        1.18       630,849           170        1.14       528,140           
355 ADAMS, JOHN Q. HOUSE RESIDENTIAL 149,749          191        1.28       689,715           182        1.22       576,257           
356 WASHINGTON HOUSE RESIDENTIAL 149,887          195        1.30       628,464           195        1.30       525,862           
357 HAMPSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 47,311            327        6.91       609,419           41          0.87       3,857               
378 PATTERSON HOUSE RESIDENTIAL 92,814            172        1.85       698,302           172        1.85       622,901           
380 CRAMPTON HOUSE RESIDENTIAL 54,081            165        1.22       704,207           165        1.22       631,916           
381 PRINCE HOUSE RESIDENTIAL 81,283            
382 HAMPDEN DINING HALL ADMIN/SUPPORT (MAJOR) 55,829            322        5.77       1,152,074        335        6.00       730,088           
388 WHITMORE HALL ADMIN/SUPPORT (MAJOR) 133,227          387        2.90       1,302,956        444        3.33       1,175,298        
399 BERKSHIRE DINING HALL ADMIN/SUPPORT (MAJOR) 74,822            370        4.95       1,725,609        353        4.72       1,466,084        
400 CANCE HOUSE RESIDENTIAL 77,028            98          1.27       355,770           98          1.27       323,915           
401 PIERPONT HOUSE RESIDENTIAL 85,403            ---             ---                      ---             ---                    
402 MOORE HOUSE RESIDENTIAL 59,682            83          1.39       258,932           83          1.39       215,885           
405 THOMPSON HALL ACADEMIC/RESEARCH (MAJOR) 100,011          205        2.05       623,713           190        1.90       469,662           
406 HERTER HALL ACADEMIC/RESEARCH (MAJOR) 124,254          371        2.99       948,986           271        2.18       741,582           
412 LEDERLE GRADUATE RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 312,999          1,697     5.42       8,445,939        1,683     5.38       6,849,217        
413 LINCOLN CAMPUS CENTER ADMIN/SUPPORT (MAJOR) 284,799          1,141     4.01       6,066,354        1,361     4.78       4,892,392        
414 PARKING GARAGE ADMIN/SUPPORT (MAJOR) 401,534          139        0.35       205,513           120        0.30       462,460           
415 TOBIN HALL ACADEMIC/RESEARCH (MAJOR) 112,624          486        4.32       2,119,514        416        3.69       1,558,970        
417 DUBOIS LIBRARY ACADEMIC/RESEARCH (MAJOR) 449,068          963        2.14       4,758,961        725        1.61       408,170           
420 FINE ARTS CENTER ACADEMIC/RESEARCH (MAJOR) 223,000          560        2.51       2,529,264        601        2.70       2,104,947        
426 BROWN HOUSE RESIDENTIAL 100,177          120        1.20       477,924           114        1.14       411,477           
427 CASHIN HOUSE RESIDENTIAL 100,145          109        1.09       435,978           107        1.07       390,782           
428 MCNAMARA HOUSE RESIDENTIAL 100,177          139        1.39       513,711           139        1.39       183,051           
502 LEDERLE GRADUATE RESEARCH CENTER ADD. ACADEMIC/RESEARCH (MAJOR) 174,146          1,163     6.68       7,181,707        1,131     6.49       5,759,730        
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
579 RESEARCH ADMINISTRATION CENTER ADMIN/SUPPORT (MAJOR) 10,937            55          5.03       159,290           53          4.85       137,182           
604 KNOWLES ENGINEERING BUILDING ACADEMIC/RESEARCH (MAJOR) 39,118            217        5.55       781,456           143        3.66       554,789           
613 MULLINS MEMORIAL CENTER ADMIN/SUPPORT (MAJOR) 180,388          1,551     8.60       3,628,477        1,465     8.12       3,330,067        
613C MULLINS MEMORIAL CENTER (CHILLER) PLANT 464        2.57       421,256           435        2.41       291,633           
614 CONTE POLYMER RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 211,102          824        3.90       5,060,380        677        3.21       3,804,752        
623 POLYMER CHILLED WATER PLANT PLANT 4,684              1,506     321.52   2,309,196        1,316     280.96   1,559,685        
623S POLYMER SOUTH CHILLER PLANT 355        75.79     28,465             345        73.65     24,024             
651 ENGINEERING & COMPUTER SCIENCE CENTER I ACADEMIC/RESEARCH (MAJOR) 79,285            308        3.88       1,166,688        255        3.22       947,187           
653 CENTRAL FACILITY ACADEMIC/RESEARCH (MAJOR) 21,043            276        13.12     647,810           285        13.54     612,855           
657 ENGINEERING LABORATORY II ACADEMIC/RESEARCH (MAJOR) 88,183            436        4.94       2,276,113        399        4.52       1,818,571        
664 CENTRAL HEATING PLANT ADMIN/SUPPORT (MAJOR) 132,912          78          0.59       24,069             487        3.66       288,795           
670 NORTH A RESIDENTIAL 94,003            690        1.83       2,911,105        627        1.66       2,437,791        
671 NORTH B RESIDENTIAL 94,003            ---                      ---                    
672 NORTH C RESIDENTIAL 94,003            ---                      ---                    
673 NORTH D RESIDENTIAL 95,149            ---                      ---                    
676 INTEGRATED SCIENCES BUILDING ACADEMIC/RESEARCH (MAJOR) 188,445          657        3.49       3,786,474        678        3.60       3,290,213        
676C INTEGRATED SCIENCES BUILDING - CUP PLANT 1,182     6.27       1,955,184        2,176     11.55     2,641,978        
677 STUDIO ARTS BUILDING ACADEMIC/RESEARCH (MAJOR) 65,671            159        2.42       698,937           158        2.41       576,362           
678 RECREATION CENTER ADMIN/SUPPORT (MAJOR) 160,192          555        3.46       1,919,182        539        3.36       1,490,457        
694 LIFE SCIENCE LABORATORIES (NORTH) ACADEMIC/RESEARCH (MAJOR) 87          16,975             610        1,453,845        
LIFE SCIENCE LABORATORIES (SOUTH) 87          ---             16,900             212        437,796           
706 LINDEN HOUSE RESIDENTIAL 490,477          ---           ---             ---                      91          2.08       60,117             
707 OAK HOUSE RESIDENTIAL ---           ---                      130        91,994             
708 ELM HOUSE RESIDENTIAL ---           ---                      359        141,737           
709 MAPLE HOUSE RESIDENTIAL ---           ---                      165        111,829           
710 BIRCH HOUSE RESIDENTIAL ---           ---                      72          46,831             
712 SYCAMORE HOUSE RESIDENTIAL ---           ---                      204        158,404           
348 THOREAU HOUSE RESIDENTIAL 48,157            1,753     5.92       3,638,000        1,669     5.64       7,065,696        
INDIVIDUAL BUILDING ELECTRIC METER DATA SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
FY2013 (NON-COINCIDENT) FY2014 (NON-COINCIDENT)
BLDG BUILDING SPACE BLDG PEAK UNITARY ELECTRIC PEAK UNITARY ELECTRIC
NO. NAME UTILIZATION AREA LOAD LOAD USAGE LOAD LOAD USAGE
(GSF) (KW) (W/GSF) (KWH) (KW) (W/GSF) (KWH)
349 MELVILLE HOUSE RESIDENTIAL 48,189            ---                      ---                    
350 JAMES HOUSE RESIDENTIAL 48,128            ---                      ---                    
351 EMERSON HOUSE RESIDENTIAL 43,782            ---                      ---                    
357 HAMPSHIRE DINING HALL (FY2014) ADMIN/SUPPORT (MAJOR) 47,311            ---                      ---                    
379 MACKIMMIE HOUSE RESIDENTIAL 60,654            ---                      ---                    
0 SOFTBALL FIELD ---                      ---                    
0 STREETLIGHTS ---                      ---                    
0 GLADCHUK FIELDS ---                      ---                    
3 BAKER HOUSE RESIDENTIAL 85,799            319        1.07       1,411,637        319        1.07       1,252,338        
4 BROOKS HOUSE RESIDENTIAL 30,145            ---                      ---                    
5 BUTTERFIELD HOUSE RESIDENTIAL 41,934            ---                      ---                    
6 CHADBOURNE HOUSE RESIDENTIAL 35,802            ---                      ---                    
24 GREENOUGH HOUSE RESIDENTIAL 35,886            ---                      ---                    
74 APIARY LABORATORY ACADEMIC/RESEARCH (MINOR) 2,719              ---                      ---                    
294 GORMAN HOUSE RESIDENTIAL 65,930            ---                      ---                    
TOTAL 10,535,392     30,131   2.86       108,851,217    31,783   3.02         92,465,653      
NOTES:
FILE: H:\PROJ\114053A0\MP\CALC\4053-ELEC LOADS.XLSX RMF 25 SEP 2014
 5.2 EXISTING FEEDER LOAD SUMMARY 
  
13.8 KV SUBSTATION FEEDER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
2 ARNOLD HOUSE 77                 ---               ---               77                 ---               ---               ---               ---               ---               ---               ---               
7 BERKSHIRE HOUSE 44                 ---               ---               ---               ---               ---               ---               22                 22                 ---               44                 
8 HAMPSHIRE HOUSE 63                 ---               ---               ---               ---               ---               ---               32                 32                 ---               63                 
9 MIDDLESEX HOUSE 69                 ---               ---               ---               ---               ---               ---               35                 35                 ---               69                 
12 CRABTREE HOUSE 77                 ---               ---               ---               ---               ---               77                 ---               ---               ---               ---               
13 LINCOLN APARTMENTS UNIT 1 63                 ---               ---               ---               ---               ---               ---               32                 32                 ---               63                 
14 LINCOLN APARTMENTS UNIT 2
15 LINCOLN APARTMENTS UNIT 3
16 LINCOLN APARTMENTS UNIT 4
17 LINCOLN APARTMENTS UNIT 5
18 LINCOLN APARTMENTS UNIT 6
19 LINCOLN APARTMENTS UNIT 7
20 LINCOLN APARTMENTS UNIT 8
21 LINCOLN APARTMENTS UNIT 9
22 LINCOLN APARTMENTS UNIT 10
23 LINCOLN APARTMENTS UNIT 11
25 HAMLIN HOUSE 42                 ---               ---               42                 ---               ---               ---               ---               ---               ---               ---               
26 KNOWLTON HOUSE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
27 LEACH HOUSE 42                 ---               ---               42                 ---               ---               ---               ---               ---               ---               ---               
28 LEWIS HOUSE 113               ---               ---               ---               ---               ---               113               ---               ---               ---               ---               
29 NEW AFRICA (MILLS HOUSE) 51                 ---               ---               ---               ---               ---               ---               26                 26                 ---               51                 
30 THATCHER HOUSE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
32 VAN METER HOUSE 87                 ---               ---               ---               ---               ---               ---               44                 44                 ---               87                 
33 WHEELER HOUSE 44                 ---               ---               ---               ---               ---               ---               22                 22                 ---               44                 
34 MARY LYON HOUSE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
35 DWIGHT HOUSE 43                 ---               ---               43                 ---               ---               ---               ---               ---               ---               ---               
36 JOHNSON HOUSE 41                 ---               ---               41                 ---               ---               ---               ---               ---               ---               ---               
37 HILLS HOUSE 100               ---               ---               ---               ---               ---               ---               50                 50                 ---               100               
38 BLAISDELL HOUSE 14                 ---               ---               ---               ---               ---               ---               7                   7                   ---               14                 
57 CHANCELLOR'S HOUSE 29                 ---               ---               ---               ---               ---               ---               15                 15                 ---               29                 
58 MONTAGUE HOUSE 18                 ---               ---               18                 ---               ---               ---               ---               ---               ---               ---               
61 HOMESTEAD HOUSE 14                 ---               ---               ---               ---               ---               ---               7                   7                   ---               14                 
62 STOCKBRIDGE HOUSE 14                 ---               ---               ---               ---               ---               ---               7                   7                   ---               14                 
71 DUDA BUILDING 5                   ---               ---               ---               ---               ---               ---               3                   3                   ---               5                   
72 ANIMAL ISOLATION LABORATORY 10                 ---               ---               ---               ---               ---               ---               5                   5                   ---               10                 
73 THAYER ANIMAL DISEASE LABORATORY 9                   ---               ---               ---               ---               ---               ---               5                   5                   ---               9                   
79 ARMY ROTC BUILDING 11                 ---               ---               ---               ---               ---               ---               6                   6                   ---               11                 
80 CHAPEL 62                 ---               ---               ---               ---               ---               ---               31                 31                 ---               62                 
81 GOESSMANN LABORATORY 599               ---               ---               ---               ---               ---               599               ---               ---               ---               ---               
82 GOESSMANN LABORATORY ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
83 CLARK HALL 69                 ---               ---               ---               ---               ---               ---               35                 35                 ---               69                 
84 CLARK HALL GREENHOUSE 11                 ---               ---               ---               ---               ---               ---               6                   6                   ---               11                 
13.8 KV SUBSTATION FEEDER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
85 WORCESTER DINING HALL 284               ---               ---               ---               ---               ---               ---               142               142               ---               284               
86 WORCESTER DINING HALL ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
87 DRAPER HALL 47                 ---               ---               ---               ---               ---               ---               24                 24                 ---               47                 
88 DRAPER HALL ANNEX ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
89 EAST EXPERIMENT STATION 15                 ---               ---               ---               ---               ---               ---               8                   8                   ---               15                 
91 GUNNESS LABORATORY 62                 ---               ---               ---               ---               ---               ---               31                 31                 ---               62                 
92 MARSTON HALL 138               ---               ---               ---               ---               ---               ---               69                 69                 ---               138               
93 AGRICULTURAL ENGINEERING BLDG SOUTH 60                 ---               ---               ---               ---               ---               ---               30                 30                 ---               60                 
94 AGRICULTURAL ENGINEERING BLDG NORTH 40                 ---               ---               ---               ---               ---               ---               20                 20                 ---               40                 
96 DURFEE RANGE 15                 ---               ---               ---               ---               ---               ---               8                   8                   ---               15                 
97 FERNALD HALL 86                 ---               ---               ---               ---               ---               ---               43                 43                 ---               86                 
100 FLINT LABORATORY 33                 ---               ---               ---               ---               ---               ---               17                 17                 ---               33                 
101 CHENOWETH LABORATORY 244               ---               ---               ---               ---               ---               ---               122               122               ---               244               
104 FRENCH HALL 45                 ---               ---               ---               ---               ---               ---               23                 23                 ---               45                 
105 FRENCH HALL GREENHOUSE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
107 BARTLETT HALL 186               ---               ---               ---               ---               ---               ---               93                 93                 ---               186               
111 MACHMER HALL 97                 ---               ---               ---               ---               ---               ---               49                 49                 ---               97                 
115 MEMORIAL HALL 58                 ---               ---               ---               ---               ---               ---               29                 29                 ---               58                 
116 MUNSON HALL 18                 ---               ---               ---               ---               ---               ---               9                   9                   ---               18                 
117 MUNSON HALL ANNEX ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
118 HATCH LABORATORY 26                 ---               ---               ---               ---               ---               ---               13                 13                 ---               26                 
120 PAIGE LABORATORY 30                 ---               ---               ---               ---               ---               ---               15                 15                 ---               30                 
121 HICKS PHYSICAL EDUCATION BUILDING 93                 ---               ---               ---               ---               ---               ---               47                 47                 ---               93                 
122 HICKS PHYSICAL EDUCATION CAGE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
123 TOTMAN PHYSICAL EDUCATION BUILDING 97                 ---               ---               97                 ---               ---               ---               ---               ---               ---               ---               
124 HASBROUCK LABORATORY 177               ---               ---               ---               ---               ---               ---               89                 89                 ---               177               
125 PHOTOGRAPHY LABORATORY 30                 ---               ---               ---               ---               ---               ---               15                 15                 ---               30                 
126 MORRILL SCIENCE CENTER I 183               ---               ---               ---               ---               ---               183               ---               ---               ---               ---               
127 MORRILL SCIENCE CENTER II 269               ---               ---               ---               ---               ---               269               ---               ---               ---               ---               
128 SKINNER HALL 98                 ---               ---               ---               ---               ---               ---               49                 49                 ---               98                 
129 SOUTH COLLEGE 49                 ---               ---               ---               ---               ---               ---               25                 25                 ---               49                 
130 STOCKBRIDGE HALL 127               ---               ---               ---               ---               ---               ---               64                 64                 ---               127               
131 STUDENT UNION 220               ---               ---               ---               ---               ---               220               ---               ---               ---               ---               
132 DICKINSON HALL 43                 ---               ---               ---               ---               ---               ---               22                 22                 ---               43                 
135 BOWDITCH HALL 50                 ---               ---               ---               ---               ---               ---               25                 25                 ---               50                 
136 GRINNELL ARENA 24                 ---               ---               ---               ---               ---               ---               12                 12                 ---               24                 
166 HORSE BARN 25                 ---               ---               ---               ---               ---               ---               13                 13                 ---               25                 
167 BOWDITCH HALL GREENHOUSE 14                 ---               ---               ---               ---               ---               ---               7                   7                   ---               14                 
168 WEST EXPERIMENT STATION 46                 ---               ---               ---               ---               ---               ---               23                 23                 ---               46                 
169 WILDER HALL 33                 ---               ---               ---               ---               ---               ---               17                 17                 ---               33                 
170 PHYSICAL PLANT BUILDING 250               ---               ---               ---               250               ---               ---               ---               ---               ---               ---               
13.8 KV SUBSTATION FEEDER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
171 GOODELL BUILDING 268               ---               268               ---               ---               ---               ---               ---               ---               ---               ---               
172 GOODELL BUILDING ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
245 ART BARN 10                 ---               ---               ---               ---               ---               ---               5                   5                   ---               10                 
289 FURCOLO HALL 76                 ---               ---               76                 ---               ---               ---               ---               ---               ---               ---               
290 MORRILL SCIENCE CENTER III 317               ---               ---               ---               ---               ---               317               ---               ---               ---               ---               
291 UNIVERSITY HEALTH CENTER 302               ---               ---               ---               ---               ---               ---               151               151               ---               302               
292 COLD STORAGE BUILDING 56                 ---               ---               ---               ---               ---               ---               28                 28                 ---               56                 
293 ENGINEERING SHOPS BUILDING 132               ---               ---               ---               ---               ---               ---               66                 66                 ---               132               
295 BRETT HOUSE 132               ---               ---               ---               ---               ---               ---               66                 66                 ---               132               
296 HOLDSWORTH HALL 95                 ---               ---               ---               ---               ---               ---               48                 48                 ---               95                 
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 523               523               ---               ---               ---               ---               ---               ---               ---               ---               ---               
318 HASBROUCK LABORATORY ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
319 BOYDEN GYMNASIUM 219               ---               219               ---               ---               ---               ---               ---               ---               ---               ---               
329 MAHAR AUDITORIUM 85                 85                 ---               ---               ---               ---               ---               ---               ---               ---               ---               
330 GRAYSON HOUSE 205               ---               ---               ---               ---               ---               ---               103               103               ---               205               
331 DICKINSON HOUSE 134               ---               ---               ---               ---               ---               ---               67                 67                 ---               134               
332 FIELD HOUSE 203               ---               ---               ---               ---               ---               ---               102               102               ---               203               
333 WEBSTER HOUSE 134               ---               ---               ---               ---               ---               ---               67                 67                 ---               134               
334 FRANKLIN DINING HALL 417               417               ---               ---               ---               ---               ---               ---               ---               ---               ---               
343 MARCUS HALL 166               ---               ---               166               ---               ---               ---               ---               ---               ---               ---               
344 CHENOWETH LABORATORY ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
347 MORRILL SCIENCE CENTER IV 510               ---               ---               ---               ---               ---               510               ---               ---               ---               ---               
352 KENNEDY HOUSE 188               ---               188               ---               ---               ---               ---               ---               ---               ---               ---               
353 COOLIDGE HOUSE 170               ---               170               ---               ---               ---               ---               ---               ---               ---               ---               
354 ADAMS, JOHN HOUSE 170               ---               170               ---               ---               ---               ---               ---               ---               ---               ---               
355 ADAMS, JOHN Q. HOUSE 182               ---               182               ---               ---               ---               ---               ---               ---               ---               ---               
356 WASHINGTON HOUSE 195               ---               195               ---               ---               ---               ---               ---               ---               ---               ---               
378 PATTERSON HOUSE 172               ---               172               ---               ---               ---               ---               ---               ---               ---               ---               
380 CRAMPTON HOUSE 165               ---               165               ---               ---               ---               ---               ---               ---               ---               ---               
381 PRINCE HOUSE ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
382 HAMPDEN DINING HALL 335               ---               335               ---               ---               ---               ---               ---               ---               ---               ---               
387 AGRICULTURAL ENGINEERING BUILDING CENTRAL 50                 ---               ---               ---               ---               ---               ---               25                 25                 ---               50                 
388 WHITMORE HALL 444               ---               444               ---               ---               ---               ---               ---               ---               ---               ---               
397 PHYSICAL PLANT FLAMMABLE STORAGE 8                   ---               ---               ---               ---               ---               ---               4                   4                   ---               8                   
398 PHYSICAL PLANT BUILDING ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
399 BERKSHIRE DINING HALL 353               ---               353               ---               ---               ---               ---               ---               ---               ---               ---               
400 CANCE HOUSE 98                 ---               98                 ---               ---               ---               ---               ---               ---               ---               ---               
401 PIERPONT HOUSE 147               ---               147               ---               ---               ---               ---               ---               ---               ---               ---               
402 MOORE HOUSE 83                 ---               83                 ---               ---               ---               ---               ---               ---               ---               ---               
403 ASTRONOMY BUILDING 34                 ---               ---               ---               ---               ---               ---               17                 17                 ---               34                 
405 THOMPSON HALL 190               ---               ---               ---               ---               ---               ---               95                 95                 ---               190               
13.8 KV SUBSTATION FEEDER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
406 HERTER HALL 271               271               ---               ---               ---               ---               ---               ---               ---               ---               ---               
412 LEDERLE GRADUATE RESEARCH CENTER 1,683            ---               ---               1,683            ---               ---               ---               ---               ---               ---               ---               
413 LINCOLN CAMPUS CENTER 1,361            ---               ---               ---               ---               ---               1,361            ---               ---               ---               ---               
414 PARKING GARAGE 120               ---               ---               ---               ---               ---               120               ---               ---               ---               ---               
415 TOBIN HALL 416               ---               416               ---               ---               ---               ---               ---               ---               ---               ---               
417 DUBOIS LIBRARY 725               725               ---               ---               ---               ---               ---               ---               ---               ---               ---               
418 UNIVERSITY HEALTH CENTER ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
420 FINE ARTS CENTER 601               601               ---               ---               ---               ---               ---               ---               ---               ---               ---               
422 PHYSICAL PLANT LUMBER STORAGE BARN 22                 ---               ---               ---               22                 ---               ---               ---               ---               ---               ---               
426 BROWN HOUSE 114               ---               ---               114               ---               ---               ---               ---               ---               ---               ---               
427 CASHIN HOUSE 107               ---               ---               107               ---               ---               ---               ---               ---               ---               ---               
428 MCNAMARA HOUSE 139               ---               ---               139               ---               ---               ---               ---               ---               ---               ---               
502 LEDERLE GRADUATE RESEARCH CENTER ADD. 1,131            ---               ---               1,131            ---               ---               ---               ---               ---               ---               ---               
508 MORRILL SCIENCE CENTER GREENHOUSE ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
548 PLANT & SOIL SCIENCES GREENHOUSE #9 9                   ---               ---               ---               ---               ---               ---               5                   5                   ---               9                   
576 HICKS PHYSICAL EDUCATION CAGE ADDITION ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
577 ROBSHAM MEMORIAL CENTER FOR VISITORS 6                   ---               ---               ---               ---               ---               ---               3                   3                   ---               6                   
604 KNOWLES ENGINEERING BUILDING 143               ---               ---               143               ---               ---               ---               ---               ---               ---               ---               
613 MULLINS MEMORIAL CENTER 1,465            ---               ---               ---               1,465            ---               ---               ---               ---               ---               ---               
613C 435               ---               ---               ---               435               ---               ---               ---               ---               ---               ---               
614 CONTE POLYMER RESEARCH CENTER 677               ---               ---               677               ---               ---               ---               ---               ---               ---               ---               
623 POLYMER CHILLED WATER PLANT 1,316            ---               ---               ---               1,316            ---               ---               ---               ---               ---               ---               
623S 345               ---               ---               ---               345               ---               ---               ---               ---               ---               ---               
651 ENGINEERING & COMPUTER SCIENCE CENTER I 255               ---               ---               ---               255               ---               ---               ---               ---               ---               ---               
653 CENTRAL FACILITY 285               ---               285               ---               ---               ---               ---               ---               ---               ---               ---               
655 ALFOND HALL 167               167               ---               ---               ---               ---               ---               ---               ---               ---               ---               
657 ENGINEERING LABORATORY II 399               ---               ---               ---               399               ---               ---               ---               ---               ---               ---               
664 CENTRAL HEATING PLANT 487               ---               ---               ---               ---               ---               ---               ---               ---               ---               ---               
670 NORTH A 627               ---               ---               627               ---               ---               ---               ---               ---               ---               ---               
671 NORTH B
672 NORTH C
673 NORTH D
676 INTEGRATED SCIENCES BUILDING 678               ---               ---               ---               ---               ---               678               ---               ---               ---               ---               
676C 2,176            ---               ---               ---               ---               ---               ---               ---               ---               2,176            ---               
677 STUDIO ARTS BUILDING 158               158               ---               ---               ---               ---               ---               ---               ---               ---               ---               
678 RECREATION CENTER 539               ---               539               ---               ---               ---               ---               ---               ---               ---               ---               
696 PARKS, GEORGE N. MINUTEMAN MARCHING BAND BUILDING 69                 ---               ---               ---               ---               ---               ---               35                 35                 ---               69                 
701 RESEARCH & EDUCATION GREENHOUSE 357               ---               ---               ---               ---               ---               ---               179               179               ---               357               
706 LINDEN HOUSE 91                 ---               91                 ---               ---               ---               ---               ---               ---               ---               ---               
707 OAK HOUSE 130               ---               130               ---               ---               ---               ---               ---               ---               ---               ---               
708 ELM HOUSE 359               ---               359               ---               ---               ---               ---               ---               ---               ---               ---               
13.8 KV SUBSTATION FEEDER ANALYSIS
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST EAST WEST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/EF E/F T1/T2 L/M SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
709 MAPLE HOUSE 165               ---               165               ---               ---               ---               ---               ---               ---               ---               ---               
710 BIRCH HOUSE 72                 ---               72                 ---               ---               ---               ---               ---               ---               ---               ---               
712 SYCAMORE HOUSE 204               ---               204               ---               ---               ---               ---               ---               ---               ---               ---               
348 THOREAU HOUSE 1,669            ---               1,669            ---               ---               ---               ---               ---               ---               ---               ---               
349 MELVILLE HOUSE
350 JAMES HOUSE
351 EMERSON HOUSE
357 HAMPSHIRE DINING HALL
379 MACKIMMIE HOUSE
0 SOFTBALL FIELD
0 STREETLIGHTS
0 GLADCHUK FIELDS
3 BAKER HOUSE 319               ---               ---               ---               ---               ---               ---               160               160               ---               319               
4 BROOKS HOUSE
5 BUTTERFIELD HOUSE
6 CHADBOURNE HOUSE
24 GREENOUGH HOUSE
74 APIARY LABORATORY
294 GORMAN HOUSE
579 RESEARCH ADMINISTRATION CENTER
TOTAL 32,393          2,947            7,119            5,223            4,487            ---               4,447            2,754            2,754            2,176            5,507            
COINCIDENT PEAK LOAD 2,505            6,051            4,440            3,814            ---               3,780            2,340            2,340            2,176            4,681            
ESTIMATED FIRM CAPACITY (KW) 4,500            4,500            4,500            4,500            4,500            4,500            4,500            4,500            4,500            6,590            
AVAILABLE CAPACITTY (KW) 1,995            (1,551)             60                 686               4,500            720               2,160            2,160            2,324            1,909            
NOTES: 1.  FIRM CAPACITY FOR THE FEEDER BASED UPON A 0.90 POWER FACTOR AND 350 KCMIL (5,000 KVA)
2.  FRIM CAPACTIY OF THE 2.4 KV SUBSTATION BASED UPON THE FOLLOWING CAPACITIES:
TOTAL TOTAL FIRM
(KVA) (KW) (KW)
TRANSFORMER #1 FROM EAST SUBSTATION: 2,000              1,700              1,700              
TRANSFORMER #2 FROM EAST SUBSTATION: 2,000              1,700              1,700              
TRANSFORMER #1 FROM WEST SUBSTATION: 3,750              3,190              3,190              
TRANSFORMER #2 FROM WEST SUBSTATION: 3,750              3,190              -                 
TOTAL: 11,500            9,780              6,590              
FILE: H:\PROJ\114053A0\MP\CALC\4053-ELEC LOADS.XLSX RMF 25 SEP 2014
 5.3 EXISTING BUILDING HEATING, COOLING, ELECTRIC LOAD DATA 
  
EXISTING CAMPUS UTILITY SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
HEATING SYSTEM - METERED DATA CHILLED WATER METERED DATA ELECTRIC METERED DATA TOTAL
YEAR SPACE BUILDING METER METER METERD UNITARY METERED EFLH INTENSITY CHW METER PEAK UNITARY TOTAL EFLH ENERGY METER METER PEAK UNITARY TOTAL CAPACITY ENERGY ENERGY
BLDG BUILDING NAME BUILT UTILZ. AREA NAME NOTES PEAK PEAK USAGE [<2500] @70% EFF. SOURCE NAME LOAD PEAK USAGE [<1500] INTENSITY NAME NOTES LOAD PEAK USAGE FACTOR INTENSITY INTENSITY
NO. (GSF) (PPH) (B/HR/GSF) (MLBS) (KBTU/GSF) (TONS) (GSF/TON) (1000 THRS) (KBTU/GSF) (KW) (W/GSF) (MWH) [50%-75%] (KBTU/GSF) (KBTU/GSF)
2 ARNOLD HOUSE 1954 ACADEMIC/RESEARCH (MINOR) 44,353         B-2 METER DATA 694         16            1,254             1,807      81              ---            ---            ---     ---        ---           ---        ---          B-2 METER DATA 77          1.7        185                 27% 14              95              
7 BERKSHIRE HOUSE 1948 ADMIN/SUPPORT (MAJOR) 21,958         N/A UNITARY LOAD 625         28            1,502             2,404      196            ---            ---            ---     ---        ---           ---        ---          B-7 METER DATA 50          2.3        223                 51% 35              231            
8 HAMPSHIRE HOUSE 1948 ADMIN/SUPPORT (MAJOR) 21,634         N/A UNITARY LOAD 615         28            1,479             2,404      196            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 61          2.8        254                 48% 40              236            
9 MIDDLESEX HOUSE 1948 ACADEMIC/RESEARCH (MINOR) 21,727         N/A UNITARY LOAD 664         31            1,474             2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 62          2.9        269                 50% 42              237            
12/26 CRABTREE/ KNOWLTON HOUSE RESIDENTIAL 68,222         B-12/26 METER DATA 3,149      46            3,157             1,003      133            ---            ---            ---     ---        ---           ---        ---          B-12/26 METER DATA 77          1.1        367                 54% 18              151            
LA LINCOLN APARTMENTS 1958 RESIDENTIAL 64,270         B-LA METER DATA 1,801      28            ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          B-LA METER DATA 70          1.1        316                 52% 17              17              
25 HAMLIN HOUSE 1949 RESIDENTIAL 35,474         B-25 METER DATA 1,573      44            1,433             911         116            ---            ---            ---     ---        ---           ---        ---          B-25 METER DATA 45          1.3        175                 44% 17              133            
27 LEACH HOUSE 1953 RESIDENTIAL 33,294         B-27 METER DATA 1,679      50            2,422             1,443      209            ---            ---            ---     ---        ---           ---        ---          B-27 METER DATA 42          1.3        160                 43% 16              225            
28/30/34 LEWIS / THATCHER / MARY LYON HOUSES RESIDENTIAL 107,724       B-28/30/34 METER DATA 3,497      32            6,335             1,812      169            ---            ---            ---     ---        ---           ---        ---          B-28/30/34 METER DATA 113         1.0        539                 54% 17              186            
29 NEW AFRICA (MILLS HOUSE) 1948 ACADEMIC/RESEARCH (MINOR) 35,988         B-29 METER DATA 410         11            1,117             2,724      89              ---            ---            ---     ---        ---           ---        ---          B-29 METER DATA 51          1.4        128                 29% 12              101            
32 VAN METER HOUSE 1957 RESIDENTIAL 98,239         N/A UNITARY LOAD 2,753      28            5,063             1,839      148            ---            ---            ---     ---        ---           ---        ---          B-32 METER DATA 94          1.0        404                 49% 14              162            
33 WHEELER HOUSE 1958 RESIDENTIAL 35,507         B-33 METER DATA 1,572      44            2,516             1,600      203            ---            ---            ---     ---        ---           ---        ---          B-33 METER DATA 46          1.3        185                 46% 18              221            
35 DWIGHT HOUSE 1959 RESIDENTIAL 38,300         B-35 METER DATA 1,676      44            3,091             1,844      231            ---            ---            ---     ---        ---           ---        ---          B-35 METER DATA 43          1.1        172                 46% 15              247            
36 JOHNSON HOUSE 1960 RESIDENTIAL 34,950         B-36 METER DATA 2,880      82            2,388             829         196            ---            ---            ---     ---        ---           ---        ---          B-36 METER DATA 46          1.3        192                 48% 19              215            
37 HILLS HOUSE 1960 ACADEMIC/RESEARCH (MINOR) 102,699       B-37 METER DATA 1,292      13            2,951             2,284      82              ---            ---            ---     ---        ---           ---        ---          B-37 METER DATA 104         1.0        435                 48% 14              97              
38 BLAISDELL HOUSE 1969 ACADEMIC/RESEARCH (MINOR) 4,786           N/A UNITARY LOAD 146         31            325                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 14          2.9        59                   50% 42              237            
57 CHANCELLOR'S HOUSE 1884 RESIDENTIAL 10,475         N/A UNITARY LOAD 294         28            540                1,839      148            ---            ---            ---     ---        ---           ---        ---          B-57 METER DATA 29          2.8        68                   27% 22              170            
58 MONTAGUE HOUSE 1943 ACADEMIC/RESEARCH (MINOR) 6,000           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 17          2.9        74                   50% 42              42              
61 HOMESTEAD HOUSE 1867 ADMIN/SUPPORT (MINOR) 4,753           N/A UNITARY LOAD 145         31            323                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 14          2.9        59                   50% 42              237            
62 STOCKBRIDGE HOUSE 1867 ADMIN/SUPPORT (MINOR) 4,554           N/A UNITARY LOAD 139         31            309                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 13          2.9        56                   50% 42              237            
71 DUDA BUILDING 1918 ACADEMIC/RESEARCH (MINOR) 1,737           N/A UNITARY LOAD 53           31            118                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 5            2.9        22                   50% 42              237            
72 ANIMAL ISOLATION LABORATORY 1953 ACADEMIC/RESEARCH (MINOR) 3,318           N/A UNITARY LOAD 101         31            225                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 9            2.9        41                   50% 42              237            
73 THAYER ANIMAL DISEASE LABORATORY 1957 ACADEMIC/RESEARCH (MINOR) 2,854           N/A UNITARY LOAD 87           31            194                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 8            2.9        35                   50% 42              237            
79 ARMY ROTC BUILDING 1959 ACADEMIC/RESEARCH (MINOR) 3,533           N/A UNITARY LOAD 108         31            240                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 10          2.9        44                   50% 42              237            
80 CHAPEL 1885 ADMIN/SUPPORT (MINOR) 20,758         N/A UNITARY LOAD 634         31            1,409             2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 59          2.9        257                 50% 42              237            
81/82 GOESSMANN LAB & ADD. ACADEMIC/RESEARCH (MAJOR) 151,417       B-81/82 METER DATA 5,112      34            952                186         18              ---            ---            ---     ---        ---           ---        ---          B-81/82 METER DATA 599         4.0        2,833              54% 64              82              
83 CLARK HALL 1907 ACADEMIC/RESEARCH (MAJOR) 21,592         N/A UNITARY LOAD 722         33            1,719             2,382      228            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 70          3.2        377                 62% 60              288            
84 CLARK HALL GREENHOUSE 1907 ACADEMIC/RESEARCH (MINOR) 3,605           N/A UNITARY LOAD 110         31            245                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 10          2.9        45                   50% 42              237            
85/86 WORCESTER DINING HALL ADMIN/SUPPORT (MAJOR) 69,305         B-85/86 METER DATA 5,216      75            12,151           2,330      503            ---            ---            ---     ---        ---           ---        ---          B-85/86 METER DATA 287         4.1        1,482              59% 73              576            
87/88 DRAPER HALL & ANNEX ACADEMIC/RESEARCH (MAJOR) 39,489         B-87/88 METER DATA 1,327      34            2,012             1,516      146            ---            ---            ---     ---        ---           ---        ---          B-87/88 METER DATA 51          1.3        140                 31% 12              158            
89 EAST EXPERIMENT STATION 1889 ACADEMIC/RESEARCH (MINOR) 5,765           N/A UNITARY LOAD 176         31            391                2,221      195            ---            ---            ---     ---        ---           ---        ---          B-89 METER DATA 16          2.8        32                   23% 19              214            
91 GUNNESS LABORATORY 1949 ACADEMIC/RESEARCH (MAJOR) 21,331         N/A UNITARY LOAD 713         33            1,698             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-91 METER DATA 62          2.9        183                 34% 29              258            
92 MARSTON HALL 1950 ACADEMIC/RESEARCH (MAJOR) 63,601         B-92 METER DATA 1,489      23            2,183             1,466      98              ---            ---            ---     ---        ---           ---        ---          B-92 METER DATA 138         2.2        492                 41% 26              125            
93 AGRICULTURAL ENGINEERING BLDG SOUTH 1949 ACADEMIC/RESEARCH (MAJOR) 17,219         N/A UNITARY LOAD 575         33            1,371             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-93 METER DATA 91          5.3        356                 45% 71              299            
94 AGRICULTURAL ENGINEERING BLDG NORTH 1915 ACADEMIC/RESEARCH (MAJOR) 12,546         N/A UNITARY LOAD 419         33            999                2,382      228            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 41          3.2        219                 62% 60              288            
96 DURFEE RANGE 1955 ACADEMIC/RESEARCH (MINOR) 4,931           N/A UNITARY LOAD 151         31            335                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 14          2.9        61                   50% 42              237            
97 FERNALD HALL 1910 ACADEMIC/RESEARCH (MAJOR) 34,243         B-97 METER DATA 1,891      55            1,985             1,050      166            ---            ---            ---     ---        ---           ---        ---          B-97 METER DATA 95          2.8        381                 46% 38              204            
100 FLINT LABORATORY 1912 ACADEMIC/RESEARCH (MAJOR) 29,133         B-100 METER DATA 581         20            1,361             2,342      134            ---            ---            ---     ---        ---           ---        ---          B-100 METER DATA 33          1.1        70                   24% 8                142            
101/344 CHENOWETH LAB & ADDITION ACADEMIC/RESEARCH (MAJOR) 58,679         B-101/344 METER DATA 1,918      33            3,952             2,060      193            ---            ---            ---     ---        ---           ---        ---          B-101/344 METER DATA 244         4.2        980                 46% 57              250            
104/105 FRENCH HALL & GREENHOUSE ACADEMIC/RESEARCH (MAJOR) 38,618         N/A UNITARY LOAD 1,291      33            3,075             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-104/105 METER DATA 56          1.5        245                 50% 22              250            
107 BARTLETT HALL 1960 ACADEMIC/RESEARCH (MAJOR) 113,750       B-107 METER DATA 3,492      31            7,526             2,155      190            ---            ---            ---     ---        ---           ---        ---          B-107 METER DATA 186         1.6        530                 33% 16              206            
111 MACHMER HALL 1957 ACADEMIC/RESEARCH (MAJOR) 72,041         B-111 METER DATA 1,599      22            4,251             2,659      169            ---            ---            ---     ---        ---           ---        ---          B-111 METER DATA 97          1.3        279                 33% 13              182            
115 MEMORIAL HALL 1920 ADMIN/SUPPORT (MAJOR) 19,712         N/A UNITARY LOAD 561         28            1,348             2,404      196            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 55          2.8        232                 48% 40              236            
116/117 MUNSON HALL & ANNEX 1899 ADMIN/SUPPORT (MAJOR) 21,508         N/A UNITARY LOAD 612         28            1,471             2,404      196            ---            ---            ---     ---        ---           ---        ---          B-116/117 METER DATA 36          1.7        28                   9% 4                201            
118 HATCH LABORATORY 1891 ACADEMIC/RESEARCH (MINOR) 8,817           N/A UNITARY LOAD 269         31            598                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 25          2.9        109                 50% 42              237            
120 PAIGE LABORATORY 1950 ACADEMIC/RESEARCH (MAJOR) 29,561         N/A UNITARY LOAD 988         33            2,353             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-120 METER DATA 30          1.0        33                   13% 4                232            
121/576 HICKS PHYSICAL EDUCATION BUILDING ACADEMIC/RESEARCH (MAJOR) 118,562       B-121/576 METER DATA 4,022      34            5,217             1,297      126            ---            ---            ---     ---        ---           ---        ---          B-121/576 METER DATA 93          0.8        435                 53% 13              139            
123 TOTMAN PHYSICAL EDUCATION BUILDING 1959 ACADEMIC/RESEARCH (MAJOR) 113,048       B-123 METER DATA 3,438      30            6,046             1,759      153            ---            ---            ---     ---        ---           ---        ---          B-123 METER DATA 97          0.9        448                 53% 14              167            
124/318 HASBROUCK LAB & ADD ACADEMIC/RESEARCH (MAJOR) 107,971       B-124/318 METER DATA 4,495      42            17,567           3,908      466            ---            ---            ---     ---        ---           ---        ---          B-124/318 METER DATA 196         1.8        1,089              63% 34              501            
125 PHOTOGRAPHY LABORATORY 1907 ADMIN/SUPPORT (MINOR) 9,916           N/A UNITARY LOAD 303         31            673                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 28          2.9        123                 50% 42              237            
MC MORRILL COMPLEX #N/A ACADEMIC/RESEARCH (MAJOR) 348,406       B-MC METER DATA 8,771      25            32,480           3,703      267            ISB B-MC 536      650          898,479         1,676      87              B-MC METER DATA 1,259      3.6        8,205              74% 80              435            
128 SKINNER HALL 1948 ACADEMIC/RESEARCH (MAJOR) 63,352         B-128 METER DATA 2,536      40            2,265             893         103            ISB B-128 140      453          54,965           393         27              B-128 METER DATA 98          1.5        371                 43% 20              150            
129 SOUTH COLLEGE 1885 ACADEMIC/RESEARCH (MAJOR) 31,266         B-129 METER DATA 1,279      41            2,203             1,722      202            ---            ---            ---     ---        ---           ---        ---          B-129 METER DATA 49          1.6        124                 29% 14              215            
130 STOCKBRIDGE HALL 1912 ACADEMIC/RESEARCH (MAJOR) 80,601         B-130 METER DATA 3,404      42            2,952             867         105            ---            ---            ---     ---        ---           ---        ---          B-130 METER DATA 139         1.7        448                 37% 19              124            
131 STUDENT UNION 1957 ADMIN/SUPPORT (MAJOR) 108,291       B-131 METER DATA 2,650      24            6,878             2,596      182            ---            ---            ---     ---        ---           ---        ---          B-131 METER DATA 220         2.0        652                 34% 21              203            
132 DICKINSON HALL 1960 ACADEMIC/RESEARCH (MAJOR) 29,820         B-132 METER DATA 722         24            1,953             2,705      188            ---            ---            ---     ---        ---           ---        ---          B-132 METER DATA 54          1.8        235                 50% 27              215            
135 BOWDITCH HALL 1959 ACADEMIC/RESEARCH (MAJOR) 12,396         N/A UNITARY LOAD 414         33            987                2,382      228            ---            ---            ---     ---        ---           ---        ---          B-135 METER DATA 50          4.0        124                 28% 34              262            
136 GRINNELL ARENA 1911 ACADEMIC/RESEARCH (MINOR) 8,010           N/A UNITARY LOAD 245         31            544                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 23          2.9        99                   50% 42              237            
166 HORSE BARN 1894 ACADEMIC/RESEARCH (MINOR) 8,430           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 24          2.9        105                 50% 42              42              
167 BOWDITCH HALL GREENHOUSE 1959 ACADEMIC/RESEARCH (MINOR) 4,629           N/A UNITARY LOAD 141         31            314                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 13          2.9        57                   50% 42              237            
168 WEST EXPERIMENT STATION 1895 ACADEMIC/RESEARCH (MAJOR) 14,474         N/A UNITARY LOAD 484         33            1,152             2,382      228            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 47          3.2        253                 62% 60              288            
169 WILDER HALL 1906 ACADEMIC/RESEARCH (MAJOR) 10,252         N/A UNITARY LOAD 343         33            816                2,382      228            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 33          3.2        179                 62% 60              288            
170/398 PHYSICAL PLANT & ADD ADMIN/SUPPORT (MAJOR) 158,165       B-170/398 METER DATA 2,414      15            6,518             2,700      118            ---            ---            ---     ---        ---           ---        ---          B-170/398 METER DATA 263         1.7        1,381              60% 30              148            
171/172 GOODELL & ADDITION ADMIN/SUPPORT (MAJOR) 129,277       B-171/172 METER DATA 5,562      43            17,093           3,073      379            ---            ---            ---     ---        ---           ---        ---          B-171/172 METER DATA 270         2.1        1,423              60% 38              417            
245 ART BARN 1911 ACADEMIC/RESEARCH (MINOR) 3,496           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 10          2.9        43                   50% 42              42              
289 FURCOLO HALL 1962 ACADEMIC/RESEARCH (MAJOR) 112,163       N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          B-289 METER DATA 76          0.7        254                 38% 8                8                
291/418 UNIVERSITY HEALTH CENTER ADMIN/SUPPORT (MAJOR) 68,362         B-291/418 METER DATA 1,371      20            3,701             2,699      155            ---            ---            ---     ---        ---           ---        ---          B-291/418 METER DATA 302         4.4        947                 36% 47              202            
292 COLD STORAGE BUILDING 1962 ADMIN/SUPPORT (MAJOR) 18,963         N/A UNITARY LOAD 539         28            1,297             2,404      196            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 53          2.8        223                 48% 40              236            
293 ENGINEERING SHOPS BUILDING 1962 ACADEMIC/RESEARCH (MAJOR) 44,968         B-293 METER DATA 979         22            2,872             2,934      183            ---            ---            ---     ---        ---           ---        ---          B-293 METER DATA 132         2.9        456                 39% 35              218            
295 BRETT HOUSE 1963 RESIDENTIAL 51,568         B-295 METER DATA 2,410      47            3,141             1,303      175            ---            ---            ---     ---        ---           ---        ---          B-295 METER DATA 285         5.5        354                 14% 23              198            
296 HOLDSWORTH HALL 1963 ACADEMIC/RESEARCH (MAJOR) 64,255         B-296 METER DATA 2,758      43            2,805             1,017      125            ---            ---            ---     ---        ---           ---        ---          B-296 METER DATA 95          1.5        322                 39% 17              142            
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 1963 ACADEMIC/RESEARCH (MAJOR) 75,429         B-317 METER DATA 2,090      28            4,578             2,190      174            ---            ---            ---     ---        ---           ---        ---          B-317 METER DATA 523         6.9        1,669              36% 76              250            
319 BOYDEN GYMNASIUM 1963 ADMIN/SUPPORT (MAJOR) 208,913       B-319 METER DATA 3,864      18            8,464             2,191      116            ---            ---            ---     ---        ---           ---        ---          B-319 METER DATA 233         1.1        1,075              53% 18              134            
329 MAHAR AUDITORIUM 1965 ACADEMIC/RESEARCH (MINOR) 19,141         N/A UNITARY LOAD 585         31            1,299             2,221      195            ---            ---            ---     ---        ---           ---        ---          B-329 METER DATA 111         5.8        102                 11% 18              213            
330 GRAYSON HOUSE 1965 RESIDENTIAL 77,484         B-330 METER DATA 1,993      26            4,613             2,315      171            ---            ---            ---     ---        ---           ---        ---          B-330 METER DATA 206         2.7        952                 53% 42              213            
EXISTING CAMPUS UTILITY SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
HEATING SYSTEM - METERED DATA CHILLED WATER METERED DATA ELECTRIC METERED DATA TOTAL
YEAR SPACE BUILDING METER METER METERD UNITARY METERED EFLH INTENSITY CHW METER PEAK UNITARY TOTAL EFLH ENERGY METER METER PEAK UNITARY TOTAL CAPACITY ENERGY ENERGY
BLDG BUILDING NAME BUILT UTILZ. AREA NAME NOTES PEAK PEAK USAGE [<2500] @70% EFF. SOURCE NAME LOAD PEAK USAGE [<1500] INTENSITY NAME NOTES LOAD PEAK USAGE FACTOR INTENSITY INTENSITY
NO. (GSF) (PPH) (B/HR/GSF) (MLBS) (KBTU/GSF) (TONS) (GSF/TON) (1000 THRS) (KBTU/GSF) (KW) (W/GSF) (MWH) [50%-75%] (KBTU/GSF) (KBTU/GSF)
331 DICKINSON HOUSE 1965 RESIDENTIAL 77,879         B-331 METER DATA 2,830      36            3,816             1,348      140            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 120         1.5        458                 43% 20              161            
332 FIELD HOUSE 1965 RESIDENTIAL 77,484         B-332 METER DATA 1,950      25            4,199             2,153      155            ---            ---            ---     ---        ---           ---        ---          B-332 METER DATA 203         2.6        907                 51% 40              195            
333 WEBSTER HOUSE 1965 RESIDENTIAL 77,880         B-333 METER DATA 2,278      29            3,852             1,691      142            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 120         1.5        458                 43% 20              162            
334 FRANKLIN DINING HALL 1965 ADMIN/SUPPORT (MAJOR) 60,100         B-334 METER DATA 3,573      59            8,872             2,483      423            ---            ---            ---     ---        ---           ---        ---          B-334 METER DATA 417         6.9        1,569              43% 89              512            
343 MARCUS HALL 1966 ACADEMIC/RESEARCH (MAJOR) 67,971         B-343 METER DATA 2,698      40            7,795             2,889      329            LGRC B-343 312      218          420,954         1,349      170            B-343 METER DATA 167         2.5        1,113              76% 56              555            
352 KENNEDY HOUSE 1966 RESIDENTIAL 149,058       B-352 METER DATA 3,950      26            9,118             2,308      175            ---            ---            ---     ---        ---           ---        ---          B-352 METER DATA 188         1.3        749                 46% 17              193            
353 COOLIDGE HOUSE 1966 RESIDENTIAL 150,560       B-353 METER DATA 3,624      24            7,833             2,162      149            ---            ---            ---     ---        ---           ---        ---          B-353 METER DATA 172         1.1        757                 50% 17              166            
354 ADAMS, JOHN HOUSE 1966 RESIDENTIAL 149,743       B-354 METER DATA 3,510      23            5,991             1,707      115            ---            ---            ---     ---        ---           ---        ---          B-354 METER DATA 177         1.2        756                 49% 17              132            
355 ADAMS, JOHN Q. HOUSE 1966 RESIDENTIAL 149,749       B-355 METER DATA 5,340      36            8,026             1,503      154            ---            ---            ---     ---        ---           ---        ---          B-355 METER DATA 191         1.3        827                 49% 19              173            
356 WASHINGTON HOUSE 1966 RESIDENTIAL 149,887       B-356 METER DATA 3,478      23            6,819             1,961      130            ---            ---            ---     ---        ---           ---        ---          B-356 METER DATA 195         1.3        753                 44% 17              148            
357 HAMPSHIRE DINING HALL 1966 ADMIN/SUPPORT (MAJOR) 47,311         B-357 METER DATA 672         14            ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          B-357 METER DATA 327         6.9        731                 26% 53              53              
380/381 PRINCE / CRAMPTON HOUSES 1967 RESIDENTIAL 135,364       B-380/381 METER DATA 2,792      21            10,237           3,667      217            ---            ---            ---     ---        ---           ---        ---          B-380/381 METER DATA 165         1.2        843                 58% 21              238            
382 HAMPDEN DINING HALL 1967 ADMIN/SUPPORT (MAJOR) 55,829         B-382 METER DATA 3,990      71            13,213           3,312      679            ---            ---            ---     ---        ---           ---        ---          B-382 METER DATA 335         6.0        1,377              47% 84              763            
387 AGRICULTURAL ENGINEERING BUILDING CENTRAL1967 ACADEMIC/RESEARCH (MAJOR) 15,719         N/A UNITARY LOAD 525         33            1,251             2,382      228            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 51          3.2        274                 62% 60              288            
388 WHITMORE HALL 1967 ADMIN/SUPPORT (MAJOR) 133,227       B-388 METER DATA 10,773    81            1,237             115         27              ---            ---            ---     ---        ---           ---        ---          B-388 METER DATA 444         3.3        1,562              40% 40              67              
397 PHYSICAL PLANT FLAMMABLE STORAGE 1967 ADMIN/SUPPORT (MINOR) 2,548           N/A UNITARY LOAD 78           31            173                2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 7            2.9        32                   50% 42              237            
399 BERKSHIRE DINING HALL 1968 ADMIN/SUPPORT (MAJOR) 74,822         B-399 METER DATA 4,564      61            19,333           4,236      741            ---            ---            ---     ---        ---           ---        ---          B-399 METER DATA 370         4.9        2,066              64% 94              835            
400/401 CANCE/PIERPONT HOUSE 1968 RESIDENTIAL 162,431       B-400/401 METER DATA 3,078      19            6,599             2,144      116            ---            ---            ---     ---        ---           ---        ---          b-400/401 METER DATA 98          0.6        426                 50% 9                125            
402 MOORE HOUSE 1968 RESIDENTIAL 59,682         B-402 METER DATA 1,946      33            3,432             1,764      165            ---            ---            ---     ---        ---           ---        ---          B-402 METER DATA 83          1.4        310                 43% 18              183            
403 ASTRONOMY BUILDING 1968 ACADEMIC/RESEARCH (MINOR) 11,234         N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 32          2.9        139                 50% 42              42              
405 THOMPSON HALL 1968 ACADEMIC/RESEARCH (MAJOR) 100,011       B-405 METER DATA 4,192      42            4,975             1,187      143            ---            ---            ---     ---        ---           ---        ---          B-405 METER DATA 205         2.0        744                 41% 25              168            
406 HERTER 1968 ACADEMIC/RESEARCH (MAJOR) 124,254       B-406 METER DATA 1,488      12            4,538             3,050      105            ---            ---            ---     ---        ---           ---        ---          B-406 METER DATA 371         3.0        1,137              35% 31              136            
412/502 LEDERLE GRAD RESEARCH CENTER ACADEMIC/RESEARCH (MAJOR) 487,145       B-412/502 METER DATA 13,056    27            38,964           2,984      229            LGRC B-412/502 1,755   278          2,848,497      1,623      66              B-412/502 METER DATA 2,228      4.6        18,184            93% 127            423            
413 LINCOLN CAMPUS CENTER 1970 ADMIN/SUPPORT (MAJOR) 284,799       B-413 METER DATA 10,601    37            33,011           3,114      332            ---            ---            ---     ---        ---           ---        ---          B-413 METER DATA 1,361      4.8        7,263              61% 87              419            
414 PARKING GARAGE 1970 ADMIN/SUPPORT (MAJOR) 401,534       B-414 METER DATA 2,282      6              4,535             1,987      32              ---            ---            ---     ---        ---           ---        ---          B-414 METER DATA 139         0.3        245                 20% 2                34              
415 TOBIN HALL 1972 ACADEMIC/RESEARCH (MAJOR) 112,624       B-415 METER DATA 5,360      48            9,467             1,766      241            ---            ---            ---     ---        ---           ---        ---          B-415 METER DATA 486         4.3        2,537              60% 77              318            
417 DUBOIS LIBRARY 1972 ACADEMIC/RESEARCH (MAJOR) 449,068       B-417 METER DATA 6,470      14            17,780           2,748      114            ---            ---            ---     ---        ---           ---        ---          B-417 METER DATA 963         2.1        5,711              68% 43              157            
420 FINE ARTS CENTER 1973 ACADEMIC/RESEARCH (MAJOR) 223,000       B-420 METER DATA 6,000      27            14,136           2,356      182            ---            ---            ---     ---        ---           ---        ---          B-420 METER DATA 601         2.7        3,031              58% 46              228            
422 PHYSICAL PLANT LUMBER STORAGE BARN 1967 ADMIN/SUPPORT (MINOR) 7,344           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 21          2.9        91                   50% 42              42              
426 BROWN HOUSE 1971 RESIDENTIAL 100,177       B-426 METER DATA 2,464      25            6,071             2,464      174            ---            ---            ---     ---        ---           ---        ---          B-426 METER DATA 120         1.2        573                 54% 20              193            
427 CASHIN HOUSE 1971 RESIDENTIAL 100,145       B-427 METER DATA 2,266      23            5,430             2,396      155            ---            ---            ---     ---        ---           ---        ---          B-427 METER DATA 109         1.1        522                 55% 18              173            
428 MCNAMARA HOUSE 1971 RESIDENTIAL 100,177       B-428 METER DATA 4,272      43            4,151             972         119            ---            ---            ---     ---        ---           ---        ---          B-428 METER DATA 139         1.4        616                 51% 21              140            
548 PLANT & SOIL SCIENCES GREENHOUSE #9 1980 ACADEMIC/RESEARCH (MINOR) 2,890           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 8            2.9        36                   50% 42              42              
577 ROBSHAM MEMORIAL CENTER FOR VISITORS 1988 ADMIN/SUPPORT (MINOR) 2,153           N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 6            2.9        27                   50% 42              42              
604 KNOWLES ENGINEERING BUILDING 1991 ACADEMIC/RESEARCH (MAJOR) 39,118         B-604 METER DATA 982         25            2,150             2,190      158            ---            ---            ---     ---        ---           ---        ---          B-604 METER DATA 217         5.5        936                 49% 82              239            
613 MULLINS MEMORIAL CENTER 1993 ADMIN/SUPPORT (MAJOR) 180,388       B-613 METER DATA 5,131      28            ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          B-613 METER DATA 1,551      8.6        4,351              32% 82              82              
614 CONTE POLYMER RESEARCH CENTER 1995 ACADEMIC/RESEARCH (MAJOR) 211,102       B-614 METER DATA 11,871    56            30,160           2,541      410            POLYMER B-614 992      213          1,240,441      1,250      19              B-614 METER DATA 824         3.9        6,060              84% 98              527            
651 ENGINEERING & COMPUTER SCIENCE CENTER I 1999 ACADEMIC/RESEARCH (MAJOR) 79,285         B-651 METER DATA 5,355      68            9,084             1,696      328            POLYMER B-651 1,456   54            961,615         660         38              B-651 METER DATA 308         3.9        1,397              52% 60              427            
653 CENTRAL FACILITY 1999 ACADEMIC/RESEARCH (MAJOR) 21,043         N/A UNITARY LOAD 703         33            1,675             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-653 METER DATA 285         13.5      775                 31% 126            354            
655 ALFOND HALL 2002 ACADEMIC/RESEARCH (MAJOR) 52,274         N/A NOT CONNECTED ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 169         3.2        912                 62% 60              60              
657 ENGINEERING LABORATORY II 2004 ACADEMIC/RESEARCH (MAJOR) 88,183         B-657 METER DATA 6,292      71            13,182           2,095      429            POLYMER B-657 486      181          664,869         1,368      33              B-657 METER DATA 436         4.9        2,724              71% 105            567            
664 CENTRAL HEATING PLANT 2008 ADMIN/SUPPORT (MAJOR) 132,912       B-664 METER DATA ---       ---        ---          ---       ---          ---            ---            ---     ---        ---           ---        ---          B-664 METER DATA 487         3.7        29                   1% 1                1                
ND NORTH DORMS 2006 RESIDENTIAL 377,158       B-ND METER DATA 5,780      15            13,376           2,314      102            ---            ---            ---     ---        ---           ---        ---          B-ND METER DATA 690         1.8        3,483              58% 32              133            
676 INTEGRATED SCIENCES BUILDING 2009 ACADEMIC/RESEARCH (MAJOR) 188,445       B-676 METER DATA 11,123    59            30,348           2,728      462            ISB B-676 450      419          728,827         1,620      142            B-676 METER DATA 678         3.6        4,534              76% 82              686            
677 STUDIO ARTS BUILDING 2008 ACADEMIC/RESEARCH (MAJOR) 65,671         B-677 METER DATA 784         12            1,826             2,330      80              ISB B-677 94        699          118,302         1,259      68              B-677 METER DATA 159         2.4        837                 60% 44              192            
678 RECREATION CENTER 2009 ADMIN/SUPPORT (MAJOR) 160,192       B-678 METER DATA 2,829      18            5,311             1,877      95              ---            ---            ---     ---        ---           ---        ---          B-678 METER DATA 555         3.5        2,301              47% 49              144            
696 PARKS, GEORGE N. MINUTEMAN MARCHING BAND BUILDING2011 ACADEMIC/RESEARCH (MINOR) 21,747         N/A UNITARY LOAD 664         31            1,476             2,221      195            ---            ---            ---     ---        ---           ---        ---          N/A UNITARY LOAD 62          2.9        270                 50% 42              237            
701 RESEARCH & EDUCATION GREENHOUSE 2011 ACADEMIC/RESEARCH (MAJOR) 16,085         N/A UNITARY LOAD 538         33            1,281             2,382      228            ---            ---            ---     ---        ---           ---        ---          B-701 METER DATA 397         24.7      1,653              48% 351            579            
COM HONORS COLLEGE 2014 RESIDENTIAL 490,477       B-COM METER DATA 11,143    23            1,137             102         7                ---            ---            ---     ---        ---           ---        ---          B-COM METER DATA 824         1.7        ---            --- ---          7                
TC THOREAU COMPLEX 1966 RESIDENTIAL 341,724       B-TC METER DATA 8,820      26            18,683           2,118      157            ---            ---            ---     ---        ---           ---        ---          B-TC METER DATA 1,853      5.4        5,186              32% 52              209            
BC BAKER COMPLEX RESIDENTIAL 298,215       B-BC METER DATA 7,133      24            17,296           2,425      166            ---            ---            ---     ---        ---           ---        ---          B-BC METER DATA 319         1.1        1,690              60% 19              186            
TOTAL --- 10,833,396  ---             ---               312,859  29            642,106     2,052      170            ---            ---            6,221   257          7,936,949  1,276      11              ---       ---                  28,812    2.7        129,938          51% 41              222            
NOTES: 1.  PRELIMINARY DATA BASED UPON METERED DATA AND UNITARY FACTORS
2.              REPRESENTS DATA FOR MULTIPLE BUILDINGS OR METERS
3.  TOTAL ENERGY INTENSITIES BASED UPON THE FOLLOWING EFFICIENCIES:
STEAM: 0% 0
15% LOSS FOR DISTRIBUTION
15% LOSS FOR IN-PLANT STEAM USE
4.  CAMPUS ENERGY INTENSITY BASED UPON SQUARE FOOTAGE OF BUILDINGS WITH AVAILABLE DATA, (NOT TOTAL AREA)
FILE: H:\PROJ\114053A0\MP\CALC\4053-HOURLYDATA-ALLBUILDINGS.XLSX RMF 26 SEP 2014
 5.4 FUTURE HEATING OPTION PRESENT VALUE 
  
INSTALLING NATURAL GAS BOILER (NO NATURAL GAS LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 10,770,000          13,246,000          9,400,000            5,454,000         20,136,100       ---                ---                ---                25,590,100       31,473,000       22,367,000       218,453,000     
2022 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       33,947,000       22,977,000       241,430,000     
2023 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       34,965,000       22,539,000       263,969,000     
2024 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       36,014,000       22,110,000       286,079,000     
2025 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       37,095,000       21,689,000       307,768,000     
2026 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       38,208,000       21,275,000       329,043,000     
2027 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       39,354,000       20,870,000       349,913,000     
2028 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       40,534,000       20,473,000       370,386,000     
2029 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       41,750,000       20,083,000       390,469,000     
2030 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       43,003,000       19,700,000       410,169,000     
2031 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       44,293,000       19,325,000       429,494,000     
2032 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       45,622,000       18,957,000       448,451,000     
2033 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       46,990,000       18,596,000       467,047,000     
2034 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       48,400,000       18,242,000       485,289,000     
2035 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       49,852,000       17,894,000       503,183,000     
2036 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       51,348,000       17,553,000       520,736,000     
2037 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       52,888,000       17,219,000       537,955,000     
2038 ---                  ---                  ---                  6,287,000         20,511,000       ---                ---                ---                26,798,000       54,475,000       16,891,000       554,846,000     
TOTAL 10,770,000          ---                  9,400,000            ---                ---                ---                ---                ---                ---                ---                545,446,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3.  BOILER COST BASED UPON $50/PPH
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE (NO NATURAL GAS LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 34,843,000          42,852,000          30,500,000          1,116,000         21,576,100       ---                ---                ---                22,692,100       27,908,000       19,834,000       237,020,000     
2022 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       29,731,000       20,123,000       257,143,000     
2023 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       30,623,000       19,740,000       276,883,000     
2024 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       31,541,000       19,364,000       296,247,000     
2025 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       32,487,000       18,995,000       315,242,000     
2026 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       33,462,000       18,633,000       333,875,000     
2027 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       34,466,000       18,278,000       352,153,000     
2028 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       35,500,000       17,930,000       370,083,000     
2029 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       36,565,000       17,588,000       387,671,000     
2030 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       37,662,000       17,253,000       404,924,000     
2031 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       38,792,000       16,925,000       421,849,000     
2032 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       39,955,000       16,602,000       438,451,000     
2033 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       41,154,000       16,286,000       454,737,000     
2034 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       42,389,000       15,976,000       470,713,000     
2035 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       43,660,000       15,672,000       486,385,000     
2036 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       44,970,000       15,373,000       501,758,000     
2037 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       46,319,000       15,080,000       516,838,000     
2038 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       47,709,000       14,793,000       531,631,000     
TOTAL 34,843,000          ---                  30,500,000          ---                ---                ---                ---                ---                ---                ---                501,131,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE (2,500 TON ABS./ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 35,763,000          43,984,000          31,300,000          1,116,000         21,577,100       ---                ---                ---                22,693,100       27,910,000       19,835,000       237,821,000     
2022 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       29,731,000       20,123,000       257,944,000     
2023 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       30,623,000       19,740,000       277,684,000     
2024 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       31,541,000       19,364,000       297,048,000     
2025 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       32,487,000       18,995,000       316,043,000     
2026 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       33,462,000       18,633,000       334,676,000     
2027 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       34,466,000       18,278,000       352,954,000     
2028 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       35,500,000       17,930,000       370,884,000     
2029 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       36,565,000       17,588,000       388,472,000     
2030 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       37,662,000       17,253,000       405,725,000     
2031 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       38,792,000       16,925,000       422,650,000     
2032 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       39,955,000       16,602,000       439,252,000     
2033 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       41,154,000       16,286,000       455,538,000     
2034 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       42,389,000       15,976,000       471,514,000     
2035 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       43,660,000       15,672,000       487,186,000     
2036 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       44,970,000       15,373,000       502,559,000     
2037 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       46,319,000       15,080,000       517,639,000     
2038 ---                  ---                  ---                  1,397,000         22,072,600       ---                ---                ---                23,469,600       47,709,000       14,793,000       532,432,000     
TOTAL 35,763,000          ---                  31,300,000          ---                ---                ---                ---                ---                ---                ---                501,132,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW AND $200/TON FOR ABSORPTION CHILLER
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE (ADD. STM TURBINE/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 37,853,000          46,554,000          33,100,000          1,112,000         21,558,500       ---                ---                ---                22,670,500       27,882,000       19,815,000       239,601,000     
2022 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       29,682,000       20,090,000       259,691,000     
2023 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       30,572,000       19,707,000       279,398,000     
2024 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       31,490,000       19,332,000       298,730,000     
2025 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       32,434,000       18,964,000       317,694,000     
2026 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       33,407,000       18,602,000       336,296,000     
2027 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       34,410,000       18,248,000       354,544,000     
2028 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       35,442,000       17,901,000       372,445,000     
2029 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       36,505,000       17,560,000       390,005,000     
2030 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       37,600,000       17,225,000       407,230,000     
2031 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       38,728,000       16,897,000       424,127,000     
2032 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       39,890,000       16,575,000       440,702,000     
2033 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       41,087,000       16,259,000       456,961,000     
2034 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       42,319,000       15,950,000       472,911,000     
2035 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       43,589,000       15,646,000       488,557,000     
2036 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       44,897,000       15,348,000       503,905,000     
2037 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       46,244,000       15,056,000       518,961,000     
2038 ---                  ---                  ---                  1,391,000         22,040,200       ---                ---                ---                23,431,200       47,631,000       14,769,000       533,730,000     
TOTAL 37,853,000          ---                  33,100,000          ---                ---                ---                ---                ---                ---                ---                500,630,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW AND $200/TON FOR ABSORPTION CHILLER
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE (NO NATURAL GAS LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 55,310,000          68,024,000          48,300,000          797,000            22,328,000       ---                ---                ---                23,125,000       28,441,000       20,212,000       255,198,000     
2022 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       30,217,000       20,452,000       275,650,000     
2023 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       31,123,000       20,062,000       295,712,000     
2024 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       32,057,000       19,680,000       315,392,000     
2025 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       33,019,000       19,305,000       334,697,000     
2026 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       34,009,000       18,938,000       353,635,000     
2027 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       35,030,000       18,577,000       372,212,000     
2028 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       36,081,000       18,223,000       390,435,000     
2029 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       37,163,000       17,876,000       408,311,000     
2030 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       38,278,000       17,536,000       425,847,000     
2031 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       39,426,000       17,202,000       443,049,000     
2032 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       40,609,000       16,874,000       459,923,000     
2033 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       41,827,000       16,552,000       476,475,000     
2034 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       43,082,000       16,237,000       492,712,000     
2035 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       44,375,000       15,928,000       508,640,000     
2036 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       45,706,000       15,625,000       524,265,000     
2037 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       47,077,000       15,327,000       539,592,000     
2038 ---                  ---                  ---                  987,000            22,866,500       ---                ---                ---                23,853,500       48,489,000       15,035,000       554,627,000     
TOTAL 55,310,000          ---                  48,300,000          ---                ---                ---                ---                ---                ---                ---                506,327,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE (WITH 2,500 TON ABSORPTION CHILLER/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 56,230,000          69,156,000          49,100,000          797,000            22,329,000       ---                ---                ---                23,126,000       28,442,000       20,213,000       255,999,000     
2022 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       30,218,000       20,453,000       276,452,000     
2023 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       31,125,000       20,063,000       296,515,000     
2024 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       32,058,000       19,681,000       316,196,000     
2025 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       33,020,000       19,306,000       335,502,000     
2026 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       34,011,000       18,938,000       354,440,000     
2027 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       35,031,000       18,578,000       373,018,000     
2028 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       36,082,000       18,224,000       391,242,000     
2029 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       37,165,000       17,877,000       409,119,000     
2030 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       38,279,000       17,536,000       426,655,000     
2031 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       39,428,000       17,202,000       443,857,000     
2032 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       40,611,000       16,875,000       460,732,000     
2033 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       41,829,000       16,553,000       477,285,000     
2034 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       43,084,000       16,238,000       493,523,000     
2035 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       44,376,000       15,929,000       509,452,000     
2036 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       45,708,000       15,625,000       525,077,000     
2037 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       47,079,000       15,328,000       540,405,000     
2038 ---                  ---                  ---                  987,000            22,867,500       ---                ---                ---                23,854,500       48,491,000       15,036,000       555,441,000     
TOTAL 56,230,000          ---                  49,100,000          ---                ---                ---                ---                ---                ---                ---                506,341,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE (WITH ADDITIONAL STEAM TURBINE/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 58,320,000          71,726,000          51,000,000          794,000            22,328,000       ---                ---                ---                23,122,000       28,437,000       20,210,000       257,896,000     
2022 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       30,208,000       20,446,000       278,342,000     
2023 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       31,114,000       20,057,000       298,399,000     
2024 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       32,048,000       19,675,000       318,074,000     
2025 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       33,009,000       19,300,000       337,374,000     
2026 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       34,000,000       18,932,000       356,306,000     
2027 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       35,020,000       18,572,000       374,878,000     
2028 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       36,070,000       18,218,000       393,096,000     
2029 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       37,152,000       17,871,000       410,967,000     
2030 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       38,267,000       17,530,000       428,497,000     
2031 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       39,415,000       17,197,000       445,694,000     
2032 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       40,597,000       16,869,000       462,563,000     
2033 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       41,815,000       16,548,000       479,111,000     
2034 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       43,070,000       16,232,000       495,343,000     
2035 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       44,362,000       15,923,000       511,266,000     
2036 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       45,693,000       15,620,000       526,886,000     
2037 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       47,063,000       15,322,000       542,208,000     
2038 ---                  ---                  ---                  983,000            22,863,600       ---                ---                ---                23,846,600       48,475,000       15,031,000       557,239,000     
TOTAL 58,320,000          ---                  51,000,000          ---                ---                ---                ---                ---                ---                ---                506,239,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE (NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 61,300,000          75,391,000          53,600,000          619,000            22,290,900       ---                ---                ---                22,909,900       28,176,000       20,024,000       260,310,000     
2022 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       29,925,000       20,254,000       280,564,000     
2023 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       30,823,000       19,869,000       300,433,000     
2024 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       31,747,000       19,490,000       319,923,000     
2025 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       32,700,000       19,119,000       339,042,000     
2026 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       33,681,000       18,755,000       357,797,000     
2027 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       34,691,000       18,397,000       376,194,000     
2028 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       35,732,000       18,047,000       394,241,000     
2029 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       36,804,000       17,703,000       411,944,000     
2030 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       37,908,000       17,366,000       429,310,000     
2031 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       39,045,000       17,035,000       446,345,000     
2032 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       40,217,000       16,711,000       463,056,000     
2033 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       41,423,000       16,393,000       479,449,000     
2034 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       42,666,000       16,080,000       495,529,000     
2035 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       43,946,000       15,774,000       511,303,000     
2036 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       45,264,000       15,474,000       526,777,000     
2037 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       46,622,000       15,179,000       541,956,000     
2038 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       48,021,000       14,890,000       556,846,000     
TOTAL 61,300,000          ---                  53,600,000          ---                ---                ---                ---                ---                ---                ---                503,246,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE (W/ 2,500 TON ABSORPTION CHILLLER/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 56,230,000          69,156,000          49,100,000          619,000            22,291,900       ---                ---                ---                22,910,900       28,178,000       20,025,000       255,811,000     
2022 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       29,925,000       20,254,000       276,065,000     
2023 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       30,823,000       19,869,000       295,934,000     
2024 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       31,747,000       19,490,000       315,424,000     
2025 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       32,700,000       19,119,000       334,543,000     
2026 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       33,681,000       18,755,000       353,298,000     
2027 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       34,691,000       18,397,000       371,695,000     
2028 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       35,732,000       18,047,000       389,742,000     
2029 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       36,804,000       17,703,000       407,445,000     
2030 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       37,908,000       17,366,000       424,811,000     
2031 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       39,045,000       17,035,000       441,846,000     
2032 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       40,217,000       16,711,000       458,557,000     
2033 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       41,423,000       16,393,000       474,950,000     
2034 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       42,666,000       16,080,000       491,030,000     
2035 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       43,946,000       15,774,000       506,804,000     
2036 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       45,264,000       15,474,000       522,278,000     
2037 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       46,622,000       15,179,000       537,457,000     
2038 ---                  ---                  ---                  740,000            22,883,000       ---                ---                ---                23,623,000       48,021,000       14,890,000       552,347,000     
TOTAL 56,230,000          ---                  49,100,000          ---                ---                ---                ---                ---                ---                ---                503,247,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE (W/  ADDITIONAL STEAM TURBINE/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 64,310,000          79,093,000          56,200,000          617,000            22,289,900       ---                ---                ---                22,906,900       28,173,000       20,022,000       262,908,000     
2022 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       29,919,000       20,250,000       283,158,000     
2023 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       30,816,000       19,864,000       303,022,000     
2024 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       31,741,000       19,486,000       322,508,000     
2025 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       32,693,000       19,115,000       341,623,000     
2026 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       33,674,000       18,751,000       360,374,000     
2027 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       34,684,000       18,394,000       378,768,000     
2028 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       35,724,000       18,043,000       396,811,000     
2029 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       36,796,000       17,700,000       414,511,000     
2030 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       37,900,000       17,362,000       431,873,000     
2031 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       39,037,000       17,032,000       448,905,000     
2032 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       40,208,000       16,707,000       465,612,000     
2033 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       41,414,000       16,389,000       482,001,000     
2034 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       42,657,000       16,077,000       498,078,000     
2035 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       43,936,000       15,771,000       513,849,000     
2036 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       45,255,000       15,470,000       529,319,000     
2037 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       46,612,000       15,176,000       544,495,000     
2038 ---                  ---                  ---                  736,000            22,882,000       ---                ---                ---                23,618,000       48,011,000       14,887,000       559,382,000     
TOTAL 64,310,000          ---                  56,200,000          ---                ---                ---                ---                ---                ---                ---                503,182,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS BOILER (60,000 PPH) - NO GAS LIMIT
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COST COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 33,380,000          41,053,000          29,200,000          5,454,000         13,089,000       6,400,900         400,000            ---                25,343,900       31,170,000       22,152,000       238,038,000     
2022 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       33,627,000       22,760,000       260,798,000     
2023 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       34,635,000       22,326,000       283,124,000     
2024 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       35,674,000       21,901,000       305,025,000     
2025 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       36,745,000       21,484,000       326,509,000     
2026 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       37,847,000       21,075,000       347,584,000     
2027 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       38,982,000       20,673,000       368,257,000     
2028 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       40,152,000       20,279,000       388,536,000     
2029 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       41,356,000       19,893,000       408,429,000     
2030 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       42,597,000       19,514,000       427,943,000     
2031 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       43,875,000       19,143,000       447,086,000     
2032 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       45,191,000       18,778,000       465,864,000     
2033 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       46,547,000       18,420,000       484,284,000     
2034 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       47,943,000       18,069,000       502,353,000     
2035 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       49,382,000       17,725,000       520,078,000     
2036 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       50,863,000       17,388,000       537,466,000     
2037 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       52,389,000       17,056,000       554,522,000     
2038 ---                  ---                  ---                  6,287,000         13,451,400       6,406,700         400,000            ---                26,545,100       53,961,000       16,731,000       571,253,000     
TOTAL 33,380,000          ---                  29,200,000          ---                ---                ---                ---                ---                ---                ---                542,053,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS AND NATURAL GAS BOILER (PEAK SHAVING/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 33,380,000          41,053,000          29,200,000          5,454,000         20,057,900       612,400            400,000            ---                26,524,300       32,622,000       23,184,000       239,070,000     
2022 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       35,319,000       23,905,000       262,975,000     
2023 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       36,378,000       23,450,000       286,425,000     
2024 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       37,470,000       23,003,000       309,428,000     
2025 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       38,594,000       22,565,000       331,993,000     
2026 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       39,751,000       22,135,000       354,128,000     
2027 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       40,944,000       21,713,000       375,841,000     
2028 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       42,172,000       21,300,000       397,141,000     
2029 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       43,438,000       20,894,000       418,035,000     
2030 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       44,741,000       20,496,000       438,531,000     
2031 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       46,083,000       20,106,000       458,637,000     
2032 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       47,465,000       19,723,000       478,360,000     
2033 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       48,889,000       19,347,000       497,707,000     
2034 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       50,356,000       18,979,000       516,686,000     
2035 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       51,867,000       18,617,000       535,303,000     
2036 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       53,423,000       18,263,000       553,566,000     
2037 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       55,025,000       17,915,000       571,481,000     
2038 ---                  ---                  ---                  6,287,000         20,429,800       764,100            400,000            ---                27,880,900       56,676,000       17,573,000       589,054,000     
TOTAL 33,380,000          ---                  29,200,000          ---                ---                ---                ---                ---                ---                ---                559,854,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS BOILER (100,000 PPH BASE LOADED/ NO NG LIMITS)
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COST COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         20,272,200       ---                ---                ---                25,612,200       30,582,000       22,821,000       186,686,000     
2021 68,110,000          83,767,000          59,500,000          5,454,000         10,677,700       8,632,600         400,000            ---                25,164,300       30,949,000       21,995,000       268,181,000     
2022 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       33,367,000       22,584,000       290,765,000     
2023 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       34,368,000       22,154,000       312,919,000     
2024 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       35,399,000       21,732,000       334,651,000     
2025 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       36,461,000       21,318,000       355,969,000     
2026 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       37,555,000       20,912,000       376,881,000     
2027 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       38,682,000       20,514,000       397,395,000     
2028 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       39,842,000       20,123,000       417,518,000     
2029 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       41,038,000       19,740,000       437,258,000     
2030 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       42,269,000       19,364,000       456,622,000     
2031 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       43,537,000       18,995,000       475,617,000     
2032 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       44,843,000       18,633,000       494,250,000     
2033 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       46,188,000       18,278,000       512,528,000     
2034 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       47,574,000       17,930,000       530,458,000     
2035 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       49,001,000       17,589,000       548,047,000     
2036 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       50,471,000       17,254,000       565,301,000     
2037 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       51,985,000       16,925,000       582,226,000     
2038 ---                  ---                  ---                  6,287,000         10,948,100       8,705,400         400,000            ---                26,340,500       53,545,000       16,603,000       598,829,000     
TOTAL 68,110,000          ---                  59,500,000          ---                ---                ---                ---                ---                ---                ---                539,329,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $23.56 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2.XLSM RMF 9 FEB 2015
INSTALLING NATURAL GAS BOILER (NO NATURAL GAS LIMITS)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 10,770,000          13,246,000          9,400,000            5,454,000         17,485,900       ---                ---                6,372,900         29,312,800       36,051,000       25,621,000       225,024,000     
2022 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       39,178,000       26,517,000       251,541,000     
2023 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       40,354,000       26,012,000       277,553,000     
2024 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       41,564,000       25,517,000       303,070,000     
2025 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       42,811,000       25,031,000       328,101,000     
2026 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       44,095,000       24,554,000       352,655,000     
2027 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       45,418,000       24,086,000       376,741,000     
2028 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       46,781,000       23,627,000       400,368,000     
2029 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       48,184,000       23,177,000       423,545,000     
2030 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       49,630,000       22,736,000       446,281,000     
2031 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       51,119,000       22,303,000       468,584,000     
2032 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       52,652,000       21,878,000       490,462,000     
2033 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       54,232,000       21,461,000       511,923,000     
2034 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       55,859,000       21,053,000       532,976,000     
2035 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       57,534,000       20,652,000       553,628,000     
2036 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       59,260,000       20,258,000       573,886,000     
2037 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       61,038,000       19,872,000       593,758,000     
2038 ---                  ---                  ---                  6,287,000         17,575,000       ---                ---                7,065,600         30,927,600       62,869,000       19,494,000       613,252,000     
TOTAL 10,770,000          ---                  9,400,000            ---                ---                ---                ---                ---                ---                ---                603,852,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3.  BOILER COST BASED UPON $50/PPH
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 34,843,000          42,852,000          30,500,000          1,116,000         18,772,400       ---                ---                6,752,300         26,640,700       32,765,000       23,285,000       243,788,000     
2022 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       35,309,000       23,899,000       267,687,000     
2023 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       36,369,000       23,444,000       291,131,000     
2024 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       37,460,000       22,997,000       314,128,000     
2025 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       38,584,000       22,559,000       336,687,000     
2026 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       39,741,000       22,129,000       358,816,000     
2027 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       40,933,000       21,708,000       380,524,000     
2028 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       42,161,000       21,294,000       401,818,000     
2029 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       43,426,000       20,889,000       422,707,000     
2030 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       44,729,000       20,491,000       443,198,000     
2031 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       46,071,000       20,101,000       463,299,000     
2032 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       47,453,000       19,718,000       483,017,000     
2033 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       48,877,000       19,342,000       502,359,000     
2034 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       50,343,000       18,974,000       521,333,000     
2035 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       51,853,000       18,612,000       539,945,000     
2036 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       53,409,000       18,258,000       558,203,000     
2037 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       55,011,000       17,910,000       576,113,000     
2038 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       56,661,000       17,569,000       593,682,000     
TOTAL 34,843,000          ---                  30,500,000          ---                ---                ---                ---                ---                ---                ---                563,182,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE (2,500 TON ABS.)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       33,940,000       25,326,000       189,191,000     
2021 35,763,000          43,984,000          31,300,000          1,116,000         18,773,400       ---                ---                6,752,300         26,641,700       32,766,000       23,286,000       243,777,000     
2022 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       35,309,000       23,899,000       267,676,000     
2023 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       36,369,000       23,444,000       291,120,000     
2024 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       37,460,000       22,997,000       314,117,000     
2025 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       38,584,000       22,559,000       336,676,000     
2026 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       39,741,000       22,129,000       358,805,000     
2027 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       40,933,000       21,708,000       380,513,000     
2028 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       42,161,000       21,294,000       401,807,000     
2029 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       43,426,000       20,889,000       422,696,000     
2030 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       44,729,000       20,491,000       443,187,000     
2031 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       46,071,000       20,101,000       463,288,000     
2032 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       47,453,000       19,718,000       483,006,000     
2033 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       48,877,000       19,342,000       502,348,000     
2034 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       50,343,000       18,974,000       521,322,000     
2035 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       51,853,000       18,612,000       539,934,000     
2036 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       53,409,000       18,258,000       558,192,000     
2037 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       55,011,000       17,910,000       576,102,000     
2038 ---                  ---                  ---                  1,397,000         18,944,600       ---                ---                7,532,000         27,873,600       56,661,000       17,569,000       593,671,000     
TOTAL 35,763,000          ---                  31,300,000          ---                ---                ---                ---                ---                ---                ---                562,371,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW AND $200/TON FOR ABSORPTION CHILLER
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 8.0 MW COMBUSTION TURBINE (ADD. STM TURBINE)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 37,853,000          46,554,000          33,100,000          1,112,000         18,770,400       ---                ---                6,717,000         26,599,400       32,714,000       23,249,000       246,352,000     
2022 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       35,203,000       23,827,000       270,179,000     
2023 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       36,259,000       23,373,000       293,552,000     
2024 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       37,347,000       22,928,000       316,480,000     
2025 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       38,467,000       22,491,000       338,971,000     
2026 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       39,621,000       22,062,000       361,033,000     
2027 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       40,810,000       21,642,000       382,675,000     
2028 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       42,034,000       21,230,000       403,905,000     
2029 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       43,295,000       20,826,000       424,731,000     
2030 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       44,594,000       20,429,000       445,160,000     
2031 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       45,932,000       20,040,000       465,200,000     
2032 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       47,310,000       19,658,000       484,858,000     
2033 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       48,729,000       19,284,000       504,142,000     
2034 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       50,191,000       18,916,000       523,058,000     
2035 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       51,696,000       18,556,000       541,614,000     
2036 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       53,247,000       18,203,000       559,817,000     
2037 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       54,845,000       17,856,000       577,673,000     
2038 ---                  ---                  ---                  1,391,000         18,941,700       ---                ---                7,456,700         27,789,400       56,490,000       17,516,000       595,189,000     
TOTAL 37,853,000          ---                  33,100,000          ---                ---                ---                ---                ---                ---                ---                562,089,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW AND $200/TON FOR ABSORPTION CHILLER
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 55,310,000          68,024,000          48,300,000          797,000            19,226,500       ---                ---                7,247,000         27,270,500       33,539,000       23,836,000       262,139,000     
2022 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       36,129,000       24,454,000       286,593,000     
2023 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       37,213,000       23,988,000       310,581,000     
2024 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       38,330,000       23,531,000       334,112,000     
2025 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       39,479,000       23,083,000       357,195,000     
2026 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       40,664,000       22,643,000       379,838,000     
2027 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       41,884,000       22,212,000       402,050,000     
2028 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       43,140,000       21,789,000       423,839,000     
2029 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       44,434,000       21,374,000       445,213,000     
2030 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       45,768,000       20,967,000       466,180,000     
2031 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       47,141,000       20,567,000       486,747,000     
2032 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       48,555,000       20,176,000       506,923,000     
2033 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       50,011,000       19,791,000       526,714,000     
2034 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       51,512,000       19,414,000       546,128,000     
2035 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       53,057,000       19,044,000       565,172,000     
2036 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       54,649,000       18,682,000       583,854,000     
2037 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       56,288,000       18,326,000       602,180,000     
2038 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,109,500         28,520,800       57,977,000       17,977,000       620,157,000     
TOTAL 55,310,000          ---                  48,300,000          ---                ---                ---                ---                ---                ---                ---                571,857,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE (WITH 2,500 TON ABSOPRTION CHILLER)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       33,940,000       25,326,000       189,191,000     
2021 56,230,000          69,156,000          49,100,000          797,000            19,227,500       ---                ---                7,463,800         27,488,300       33,807,000       24,026,000       262,317,000     
2022 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       36,350,000       24,603,000       286,920,000     
2023 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       37,441,000       24,135,000       311,055,000     
2024 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       38,564,000       23,675,000       334,730,000     
2025 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       39,721,000       23,224,000       357,954,000     
2026 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       40,912,000       22,782,000       380,736,000     
2027 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       42,140,000       22,348,000       403,084,000     
2028 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       43,404,000       21,922,000       425,006,000     
2029 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       44,706,000       21,504,000       446,510,000     
2030 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       46,047,000       21,095,000       467,605,000     
2031 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       47,429,000       20,693,000       488,298,000     
2032 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       48,851,000       20,299,000       508,597,000     
2033 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       50,317,000       19,912,000       528,509,000     
2034 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       51,827,000       19,533,000       548,042,000     
2035 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       53,381,000       19,161,000       567,203,000     
2036 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       54,983,000       18,796,000       585,999,000     
2037 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       56,632,000       18,438,000       604,437,000     
2038 ---                  ---                  ---                  987,000            19,424,300       ---                ---                8,283,800         28,695,100       58,331,000       18,087,000       622,524,000     
TOTAL 56,230,000          ---                  49,100,000          ---                ---                ---                ---                ---                ---                ---                573,424,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 10 MW COMBUSTION TURBINE (WITH ADDITIONAL STEAM TURBINE)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 58,320,000          71,726,000          51,000,000          794,000            19,225,500       ---                ---                7,463,800         27,483,300       33,801,000       24,022,000       265,025,000     
2022 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       36,336,000       24,594,000       289,619,000     
2023 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       37,426,000       24,125,000       313,744,000     
2024 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       38,549,000       23,666,000       337,410,000     
2025 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       39,705,000       23,215,000       360,625,000     
2026 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       40,897,000       22,773,000       383,398,000     
2027 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       42,123,000       22,339,000       405,737,000     
2028 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       43,387,000       21,913,000       427,650,000     
2029 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       44,689,000       21,496,000       449,146,000     
2030 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       46,029,000       21,087,000       470,233,000     
2031 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       47,410,000       20,685,000       490,918,000     
2032 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       48,833,000       20,291,000       511,209,000     
2033 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       50,298,000       19,904,000       531,113,000     
2034 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       51,806,000       19,525,000       550,638,000     
2035 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       53,361,000       19,153,000       569,791,000     
2036 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       54,962,000       18,789,000       588,580,000     
2037 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       56,610,000       18,431,000       607,011,000     
2038 ---                  ---                  ---                  983,000            19,424,300       ---                ---                8,276,700         28,684,000       58,309,000       18,080,000       625,091,000     
TOTAL 58,320,000          ---                  51,000,000          ---                ---                ---                ---                ---                ---                ---                574,091,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 61,300,000          75,391,000          53,600,000          619,000            19,279,500       ---                ---                7,247,000         27,145,500       33,386,000       23,726,000       267,329,000     
2022 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       35,931,000       24,319,000       291,648,000     
2023 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       37,008,000       23,856,000       315,504,000     
2024 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       38,119,000       23,402,000       338,906,000     
2025 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       39,262,000       22,956,000       361,862,000     
2026 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       40,440,000       22,519,000       384,381,000     
2027 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       41,653,000       22,090,000       406,471,000     
2028 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       42,903,000       21,669,000       428,140,000     
2029 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       44,190,000       21,256,000       449,396,000     
2030 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       45,516,000       20,851,000       470,247,000     
2031 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       46,881,000       20,454,000       490,701,000     
2032 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       48,288,000       20,065,000       510,766,000     
2033 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       49,736,000       19,682,000       530,448,000     
2034 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       51,228,000       19,307,000       549,755,000     
2035 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       52,765,000       18,940,000       568,695,000     
2036 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       54,348,000       18,579,000       587,274,000     
2037 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       55,979,000       18,225,000       605,499,000     
2038 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       57,658,000       17,878,000       623,377,000     
TOTAL 61,300,000          ---                  53,600,000          ---                ---                ---                ---                ---                ---                ---                569,777,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE (W/ 2,500 TON ABSOPRTION CHILLLER)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       33,940,000       25,326,000       189,191,000     
2021 62,220,000          76,523,000          54,400,000          619,000            19,280,500       ---                ---                7,247,000         27,146,500       33,387,000       23,727,000       267,318,000     
2022 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       35,931,000       24,319,000       291,637,000     
2023 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       37,008,000       23,856,000       315,493,000     
2024 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       38,119,000       23,402,000       338,895,000     
2025 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       39,262,000       22,956,000       361,851,000     
2026 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       40,440,000       22,519,000       384,370,000     
2027 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       41,653,000       22,090,000       406,460,000     
2028 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       42,903,000       21,669,000       428,129,000     
2029 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       44,190,000       21,256,000       449,385,000     
2030 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       45,516,000       20,851,000       470,236,000     
2031 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       46,881,000       20,454,000       490,690,000     
2032 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       48,288,000       20,065,000       510,755,000     
2033 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       49,736,000       19,682,000       530,437,000     
2034 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       51,228,000       19,307,000       549,744,000     
2035 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       52,765,000       18,940,000       568,684,000     
2036 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       54,348,000       18,579,000       587,263,000     
2037 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       55,979,000       18,225,000       605,488,000     
2038 ---                  ---                  ---                  740,000            19,514,400       ---                ---                8,109,500         28,363,900       57,658,000       17,878,000       623,366,000     
TOTAL 62,220,000          ---                  54,400,000          ---                ---                ---                ---                ---                ---                ---                568,966,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING 12 MW COMBUSTION TURBINE (W/  ADDITIONAL STEAM TURBINE)- W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 64,310,000          79,093,000          56,200,000          617,000            19,279,500       ---                ---                7,247,000         27,143,500       33,383,000       23,725,000       269,928,000     
2022 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       35,925,000       24,316,000       294,244,000     
2023 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       37,003,000       23,853,000       318,097,000     
2024 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       38,113,000       23,398,000       341,495,000     
2025 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       39,257,000       22,953,000       364,448,000     
2026 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       40,434,000       22,515,000       386,963,000     
2027 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       41,647,000       22,087,000       409,050,000     
2028 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       42,897,000       21,666,000       430,716,000     
2029 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       44,184,000       21,253,000       451,969,000     
2030 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       45,509,000       20,848,000       472,817,000     
2031 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       46,875,000       20,451,000       493,268,000     
2032 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       48,281,000       20,062,000       513,330,000     
2033 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       49,729,000       19,680,000       533,010,000     
2034 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       51,221,000       19,305,000       552,315,000     
2035 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       52,758,000       18,937,000       571,252,000     
2036 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       54,341,000       18,576,000       589,828,000     
2037 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       55,971,000       18,222,000       608,050,000     
2038 ---                  ---                  ---                  736,000            19,514,400       ---                ---                8,109,500         28,359,900       57,650,000       17,875,000       625,925,000     
TOTAL 64,310,000          ---                  56,200,000          ---                ---                ---                ---                ---                ---                ---                569,725,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COMBUSTION TURBINE COST BASED UPON ~$3,000 /KW + $10.0 MILLION FOR NEW BUILDING
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
LNG/FUEL OIL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS BOILER (60,000 PPH) - BASE LOADED - GAS LIMIT
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COST COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       33,940,000       25,326,000       189,191,000     
2021 33,380,000          41,053,000          29,200,000          5,454,000         12,572,200       6,400,900         400,000            1,244,000         26,071,100       32,064,000       22,787,000       241,178,000     
2022 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       34,781,000       23,541,000       264,719,000     
2023 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       35,824,000       23,093,000       287,812,000     
2024 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       36,899,000       22,653,000       310,465,000     
2025 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       38,006,000       22,221,000       332,686,000     
2026 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       39,146,000       21,798,000       354,484,000     
2027 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       40,320,000       21,383,000       375,867,000     
2028 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       41,530,000       20,975,000       396,842,000     
2029 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       42,776,000       20,576,000       417,418,000     
2030 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       44,059,000       20,184,000       437,602,000     
2031 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       45,381,000       19,800,000       457,402,000     
2032 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       46,742,000       19,422,000       476,824,000     
2033 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       48,145,000       19,052,000       495,876,000     
2034 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       49,589,000       18,690,000       514,566,000     
2035 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       51,077,000       18,334,000       532,900,000     
2036 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       52,609,000       17,984,000       550,884,000     
2037 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       54,187,000       17,642,000       568,526,000     
2038 ---                  ---                  ---                  6,287,000         12,800,400       6,406,700         400,000            1,562,100         27,456,200       55,813,000       17,306,000       585,832,000     
TOTAL 33,380,000          ---                  29,200,000          ---                ---                ---                ---                ---                ---                ---                556,632,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS AND NATURAL GAS BOILER (PEAK SHAVING) - W/ GAS LIMITS
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COSTS COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       33,940,000       25,326,000       189,191,000     
2021 33,380,000          41,053,000          29,200,000          5,454,000         17,484,900       612,400            400,000            6,191,500         30,142,800       37,072,000       26,346,000       244,737,000     
2022 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       40,405,000       27,348,000       272,085,000     
2023 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       41,617,000       26,827,000       298,912,000     
2024 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       42,866,000       26,316,000       325,228,000     
2025 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       44,152,000       25,815,000       351,043,000     
2026 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       45,476,000       25,323,000       376,366,000     
2027 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       46,841,000       24,841,000       401,207,000     
2028 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       48,246,000       24,368,000       425,575,000     
2029 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       49,693,000       23,903,000       449,478,000     
2030 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       51,184,000       23,448,000       472,926,000     
2031 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       52,720,000       23,001,000       495,927,000     
2032 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       54,301,000       22,563,000       518,490,000     
2033 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       55,930,000       22,134,000       540,624,000     
2034 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       57,608,000       21,712,000       562,336,000     
2035 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       59,337,000       21,298,000       583,634,000     
2036 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       61,117,000       20,893,000       604,527,000     
2037 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       62,950,000       20,495,000       625,022,000     
2038 ---                  ---                  ---                  6,287,000         17,575,000       764,100            400,000            6,870,200         31,896,300       64,839,000       20,104,000       645,126,000     
TOTAL 33,380,000          ---                  29,200,000          ---                ---                ---                ---                ---                ---                ---                615,926,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
INSTALLING BIOMASS BOILER (100,000 PPH) - BASE LOADED - GAS LIMIT
UNIVERSITY OF MASSACHUSETTS, AMHERST
CAPITAL COSTS ANNUAL COSTS ($2014) ANNUAL COSTS
CAPITAL PRESENT NATURAL ADD. BACK-UP CUMULATIVE
YEAR COSTS ESCALATED VALUE OF ELECTRIC GAS BIOMASS MAINT. FUEL TOTAL ESCALATED PRESENT PRESENT
(2014$) COSTS CAPITAL COSTS COSTS COST COSTS COSTS COSTS COSTS VALUE VALUE
($) ($) ($) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($/YR) ($) ($)
2014 ---                  ---                  ---                  3,696,000         17,537,800       ---                ---                5,878,300         27,112,100       27,112,000       27,112,000       27,112,000       
2015 ---                  ---                  ---                  4,670,000         17,695,600       ---                ---                6,813,600         29,179,200       30,055,000       28,623,000       55,735,000       
2016 ---                  ---                  ---                  4,908,000         17,662,100       ---                ---                6,629,800         29,199,900       30,978,000       28,098,000       83,833,000       
2017 ---                  ---                  ---                  5,156,000         17,681,800       ---                ---                6,759,300         29,597,100       32,342,000       27,938,000       111,771,000     
2018 ---                  ---                  ---                  4,803,000         17,559,500       ---                ---                6,015,000         28,377,500       31,939,000       26,276,000       138,047,000     
2019 ---                  ---                  ---                  4,847,000         17,559,500       ---                ---                6,017,300         28,423,800       32,951,000       25,818,000       163,865,000     
2020 ---                  ---                  ---                  5,340,000         17,621,900       ---                ---                6,373,100         29,335,000       35,028,000       26,138,000       190,003,000     
2021 68,110,000          83,767,000          59,500,000          5,454,000         10,586,700       8,632,600         400,000            221,500            25,294,800       31,109,000       22,109,000       271,612,000     
2022 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       33,608,000       22,747,000       294,359,000     
2023 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       34,616,000       22,314,000       316,673,000     
2024 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       35,655,000       21,889,000       338,562,000     
2025 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       36,724,000       21,472,000       360,034,000     
2026 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       37,826,000       21,063,000       381,097,000     
2027 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       38,961,000       20,662,000       401,759,000     
2028 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       40,130,000       20,268,000       422,027,000     
2029 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       41,334,000       19,882,000       441,909,000     
2030 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       42,574,000       19,503,000       461,412,000     
2031 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       43,851,000       19,132,000       480,544,000     
2032 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       45,166,000       18,768,000       499,312,000     
2033 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       46,521,000       18,410,000       517,722,000     
2034 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       47,917,000       18,059,000       535,781,000     
2035 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       49,355,000       17,715,000       553,496,000     
2036 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       50,835,000       17,378,000       570,874,000     
2037 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       52,360,000       17,047,000       587,921,000     
2038 ---                  ---                  ---                  6,287,000         10,816,900       8,706,100         400,000            320,500            26,530,500       53,931,000       16,722,000       604,643,000     
TOTAL 68,110,000          ---                  59,500,000          ---                ---                ---                ---                ---                ---                ---                545,143,000     ---                
NOTES: 1. PRESENT VALUE BASED UPON THE FOLLOWING
ESCALATION RATE: 3.00%
DISCOUNT FACTOR: 5.00%
2.  CAPITAL COSTS FOR 2015 THROUGH 2018 TO ACCOUNT FOR BUILDING ENERGY REDUCTION 
3. COST FOR BIOMASS BOILER BASED UOPN JACOBS ESTIMATE ($20.2 MILLION)
4.  ENERGY COSTS BASED UPON THE FOLLOWING FACTORS:
ELECTRIC: $0.133 /KWH
NATURAL GAS: $9.79 /MMBTU
BIOMASS FUEL: $3.75 /MMBTU
FILE: P:\MD\14\114053A0\MP\CALC\4053-ENERGY MODEL-R2-W-GASLIMITATION.XLSM RMF 9 FEB 2015
 5.5 FUTURE CHILLED WATER PRESENT VALUE SUMMARY 
  
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 1 (INDIVIDUAL SYSTEMS) CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
INDIVIDUAL 694 LIFE SCIENCE LABORATORIES 1,581        1,731,000     1,154            
SYSTEMS 676 INTEGRATED SCIENCES BUILDING 754           825,000        550               
(FUTURE) 124 HASBROUCK LABORATORY 129           141,000        94                 
318 HASBROUCK LABORATORY ADDITION 303           331,500        221               
128 SKINNER HALL 253           277,500        185               
126 MORRILL SCIENCE CENTER I 1,360        1,489,500     993               
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
704  INTEGRATIVE LEARNING CENTER (NCAB) 692           934,500        623               
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 24             33,000          22                 
677 STUDIO ARTS BUILDING 263           288,000        192               W/C 5,415           3,915           119              390               ---             220,000       50,000         560,000        ---             830,000         
418 UNIVERSITY HEALTH CENTER ADDITION 99             89,000          99                 A/C  ---              ---             150               ---              ---             150,000       60,000          ---              ---             210,000         
291 UNIVERSITY HEALTH CENTER 129           116,000        129               A/C  ---              ---             200               ---              ---             200,000       80,000          ---              ---             280,000         
334 FRANKLIN DINING HALL 200           180,000        200               A/C  ---              ---             300               ---              ---             310,000       120,000        ---              ---             430,000         
85 WORCESTER DINING HALL 158           142,000        158               A/C  ---              ---             240               ---              ---             240,000       100,000        ---              ---             340,000         
86 WORCESTER DINING HALL ADDITION 73             66,000          73                 A/C  ---              ---             110               ---              ---             110,000       40,000          ---              ---             150,000         
33 WHEELER HOUSE 89             80,000          89                 A/C  ---              ---             140               ---              ---             140,000       60,000          ---              ---             200,000         
C1 INTEGRATED DESIGN BUILDING 340           459,000        340               W/C  ---              ---             510               ---              ---             920,000       200,000        ---              ---             1,120,000      
TOTAL INDIVIDUAL SYSTEM 6,447        7,183,000     5,122            --- 5,415           3,915           1,769           390               ---             2,290,000    710,000       560,000        ---             3,560,000      
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 1 (INDIVIDUAL SYSTEMS) ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
INDIVIDUAL 694 LIFE SCIENCE LABORATORIES 1,731,000       1,154          
SYSTEMS 676 INTEGRATED SCIENCES BUILDING 825,000          550             
124 HASBROUCK LABORATORY 141,000          94               
318 HASBROUCK LABORATORY ADDITION 331,500          221             
128 SKINNER HALL 277,500          185             
126 MORRILL SCIENCE CENTER I 1,489,500       993             
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
704  INTEGRATIVE LEARNING CENTER (NCAB) 934,500          623             
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 33,000            22               
677 STUDIO ARTS BUILDING 288,000          192             4,571,000       1,480,000       0.85              18.00            0.35              4,400,000     594,000        172,000        113,000        879,000        
418 UNIVERSITY HEALTH CENTER ADDITION 89,000            99               89,000             ---              0.95              18.00            0.35              80,000          11,000           ---              11,000          22,000          
291 UNIVERSITY HEALTH CENTER 116,000          129             116,000           ---              0.95              18.00            0.35              110,000        15,000           ---              14,000          29,000          
334 FRANKLIN DINING HALL 180,000          200             180,000           ---              0.95              18.00            0.35              170,000        23,000           ---              15,000          38,000          
85 WORCESTER DINING HALL 142,000          158             142,000           ---              0.95              18.00            0.35              130,000        18,000           ---              12,000          30,000          
86 WORCESTER DINING HALL ADDITION 66,000            73               66,000             ---              0.95              18.00            0.35              60,000          8,000             ---              8,000            16,000          
33 WHEELER HOUSE 80,000            89               80,000             ---              0.95              18.00            0.35              80,000          11,000           ---              9,000            20,000          
C1 INTEGRATED DESIGN BUILDING 459,000          340             459,000           ---              0.95              18.00            0.35              440,000        59,000           ---              16,000          75,000          
TOTAL INDIVIDUAL SYSTEMS 7,183,000       5,122          5,703,000       1,480,000        ---               ---               ---              5,470,000     739,000        172,000        198,000        1,109,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 2 (CONNECT FUTURE BUILDINGS) CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
DISTRICT 694 LIFE SCIENCE LABORATORIES 1,581        1,731,000     1,154            
SYSTEM 676 INTEGRATED SCIENCES BUILDING 754           825,000        550               
FUTURE ONLY 124 HASBROUCK LABORATORY 129           141,000        94                 
318 HASBROUCK LABORATORY ADDITION 303           331,500        221               
128 SKINNER HALL 253           277,500        185               
126 MORRILL SCIENCE CENTER I 1,360        1,489,500     993               
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
704  INTEGRATIVE LEARNING CENTER (NCAB) 692           934,500        623               
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 24             33,000          22                 
C1 INTEGRATED DESIGN BUILDING 340           459,000        306               
677 STUDIO ARTS BUILDING 263           288,000        192               W/C 5,415           3,915           425              390              100              770,000       170,000       560,000       160,000       1,660,000      
418 UNIVERSITY HEALTH CENTER ADDITION 99             89,000          99                 A/C  ---              ---             150               ---              ---             150,000       60,000          ---              ---             210,000         
291 UNIVERSITY HEALTH CENTER 129           116,000        129               A/C  ---              ---             200               ---              ---             200,000       80,000          ---              ---             280,000         
334 FRANKLIN DINING HALL 200           180,000        200               A/C  ---              ---             300               ---              ---             310,000       120,000        ---              ---             430,000         
85 WORCESTER DINING HALL 158           142,000        158               A/C  ---              ---             240               ---              ---             240,000       100,000        ---              ---             340,000         
86 WORCESTER DINING HALL ADDITION 73             66,000          73                 A/C  ---              ---             110               ---              ---             110,000       40,000          ---              ---             150,000         
33 WHEELER HOUSE 89             80,000          89                 A/C  ---              ---             140               ---              ---             140,000       60,000          ---              ---             200,000         
TOTAL INDIVIDUAL SYSTEM 6,447        7,183,000     5,088            --- 5,415           3,915           1,565           390              100              1,920,000    630,000       560,000       160,000       3,270,000      
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 2 (CONNECT FUTURE BUILDINGS) ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
DISTRICT 694 LIFE SCIENCE LABORATORIES 1,731,000       1,154          
SYSTEM 676 INTEGRATED SCIENCES BUILDING 825,000          550             
FUTURE ONLY 124 HASBROUCK LABORATORY 141,000          94               
318 HASBROUCK LABORATORY ADDITION 331,500          221             
128 SKINNER HALL 277,500          185             
126 MORRILL SCIENCE CENTER I 1,489,500       993             
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
704  INTEGRATIVE LEARNING CENTER (NCAB) 934,500          623             
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 33,000            22               
C1 INTEGRATED DESIGN BUILDING 459,000          306             
677 STUDIO ARTS BUILDING 288,000          192             5,030,000       1,480,000       0.85              18.00            0.35              4,790,000     647,000        172,000        118,000        937,000        
418 UNIVERSITY HEALTH CENTER ADDITION 89,000            99               89,000             ---              0.95              18.00            0.35              80,000          11,000           ---              11,000          22,000          
291 UNIVERSITY HEALTH CENTER 116,000          129             116,000           ---              0.95              18.00            0.35              110,000        15,000           ---              14,000          29,000          
334 FRANKLIN DINING HALL 180,000          200             180,000           ---              0.95              18.00            0.35              170,000        23,000           ---              15,000          38,000          
85 WORCESTER DINING HALL 142,000          158             142,000           ---              0.95              18.00            0.35              130,000        18,000           ---              12,000          30,000          
86 WORCESTER DINING HALL ADDITION 66,000            73               66,000             ---              0.95              18.00            0.35              60,000          8,000             ---              8,000            16,000          
33 WHEELER HOUSE 80,000            89               80,000             ---              0.95              18.00            0.35              80,000          11,000           ---              9,000            20,000          
TOTAL INDIVIDUAL SYSTEMS 7,183,000       5,088          5,703,000       1,480,000        ---               ---               ---              5,420,000     733,000        172,000        187,000        1,092,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 3 (CONNECT ALL BUILDINGS) CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
INCREASE 694 LIFE SCIENCE LABORATORIES 1,581        1,731,000     1,154            
ISB 676 INTEGRATED SCIENCES BUILDING 754           825,000        550               
DISTRICT 124 HASBROUCK LABORATORY 129           141,000        94                 
318 HASBROUCK LABORATORY ADDITION 303           331,500        221               
128 SKINNER HALL 253           277,500        185               
126 MORRILL SCIENCE CENTER I 1,360        1,489,500     993               
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
677 STUDIO ARTS BUILDING 263           288,000        192               
418 UNIVERSITY HEALTH CENTER ADDITION 99             89,000          89                 
291 UNIVERSITY HEALTH CENTER 129           116,000        116               
334 FRANKLIN DINING HALL 200           180,000        180               
85 WORCESTER DINING HALL 158           142,000        142               
86 WORCESTER DINING HALL ADDITION 73             66,000          66                 
33 WHEELER HOUSE 89             80,000          80                 
704  INTEGRATIVE LEARNING CENTER (NCAB) 692           934,500        623               
C1 INTEGRATED DESIGN BUILDING 340           459,000        306               
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 24             33,000          22                 
78% TOTAL DISTRICT PLANT 6,447        7,183,000     5,013            W/C 5,025           3,525           1,500            ---             1,200           2,720,000     ---              ---             1,920,000    4,640,000      
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 1 - ISB COOLING DISTRICT OPTION 3 (CONNECT ALL BUILDINGS) ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
INCREASE 694 LIFE SCIENCE LABORATORIES 1,731,000       1,154          
ISB 676 INTEGRATED SCIENCES BUILDING 825,000          550             
DISTRICT 124 HASBROUCK LABORATORY 141,000          94               
318 HASBROUCK LABORATORY ADDITION 331,500          221             
128 SKINNER HALL 277,500          185             
126 MORRILL SCIENCE CENTER I 1,489,500       993             
127 MORRILL SCIENCE CENTER II
290 MORRILL SCIENCE CENTER III
347 MORRILL SCIENCE CENTER IV
677 STUDIO ARTS BUILDING 288,000          192             
418 UNIVERSITY HEALTH CENTER ADDITION 89,000            89               
291 UNIVERSITY HEALTH CENTER 116,000          116             
334 FRANKLIN DINING HALL 180,000          180             
85 WORCESTER DINING HALL 142,000          142             
86 WORCESTER DINING HALL ADDITION 66,000            66               
33 WHEELER HOUSE 80,000            80               
704  INTEGRATIVE LEARNING CENTER (NCAB) 934,500          623             
C1 INTEGRATED DESIGN BUILDING 459,000          306             
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 33,000            22               
TOTAL DISTRICT PLANT 7,183,000       5,013          5,703,000       1,480,000       0.85              18.00            0.35              5,370,000     725,000        172,000        131,000        1,028,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 2 - POLYMER CHW  OPTION NO. 1 (CONNECT ALL FUTURE LOADS)  CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
BLDG BUILDING COOLING COOLING CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
NO. NAME LOAD LOAD CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
651 ENGINEERING & COMPUTER SCIENCE CENTER I 317           285                
657 ENGINEERING LABORATORY II 501            451                
614 CONTE POLYMER RESEARCH CENTER 991            892                
604 KNOWLES ENGINEERING BUILDING 110            99                  
82 GOESSMANN LABORATORY ADDITION 440            396                
81 GOESSMANN LABORATORY
92 MARSTON HALL 254            229                
120 PAIGE LABORATORY 250            225                
91 GUNNESS LABORATORY 171            154                
87 DRAPER HALL 126            113                
88 DRAPER HALL ANNEX 27              24                  
293 ENGINEERING SHOPS BUILDING 180            162                
71 DUDA BUILDING 6                5                    
135 BOWDITCH HALL 50              45                  
296 HOLDSWORTH HALL 257            231                
130 STOCKBRIDGE HALL 322            290                
100 FLINT LABORATORY 117            105                
344 CHENOWETH LABORATORY ADDITION 189            170                
168 WEST EXPERIMENT STATION 58              52                  
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES800           720                
C6 PHYSICAL SCIENCE BUILDING 460            414                
TOTAL DISTRICT PLANT 5,626         5,062             2,810           1,900           3,840           2,560           2,900           9,040,000    2,000,000    4,790,000    4,640,000    20,470,000    
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 2 - POLYMER CHW  OPTION NO. 1 (CONNECT ALL FUTURE LOADS)  ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
651 ENGINEERING & COMPUTER SCIENCE CENTER I427,500        285            
657 ENGINEERING LABORATORY II 676,500         451            
614 CONTE POLYMER RESEARCH CENTER 1,338,000     892            
604 KNOWLES ENGINEERING BUILDING 148,500         99               
82 GOESSMANN LABORATORY ADDITION 594,000         396            
81 GOESSMANN LABORATORY
92 MARSTON HALL 229,000         229            
120 PAIGE LABORATORY 337,500         225            
91 GUNNESS LABORATORY 231,000         154            
87 DRAPER HALL 169,500         113            
88 DRAPER HALL ANNEX 36,000           24               
293 ENGINEERING SHOPS BUILDING 243,000         162            
71 DUDA BUILDING 5,000             5                 
135 BOWDITCH HALL 45,000           45               
296 HOLDSWORTH HALL 231,000         231            
130 STOCKBRIDGE HALL 290,000         290            
100 FLINT LABORATORY 157,500         105            
344 CHENOWETH LABORATORY ADDITION 255,000         170            
168 WEST EXPERIMENT STATION 78,000           52               
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES1,080,000    720            
C6 PHYSICAL SCIENCE BUILDING 621,000         414            
TOTAL DISTRICT PLANT 7,193,000     5,062         7,193,000       ---             0.85             18.00           0.35             6,110,000    825,000        ---             57,000         882,000       
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX
DISTRICT NO. 2 - POLYMER CHW OPTION NO. 2 (FUTURE INDIVIDUAL SYSTEMS) CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED PEAK FUTURE TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
BLDG BUILDING COOLING COOLING COOLING CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
NO. NAME LOAD LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
651 ENGINEERING & COMPUTER SCIENCE CENTER I 317           285                
657 ENGINEERING LABORATORY II 501            451                
614 CONTE POLYMER RESEARCH CENTER 991            892                
604 KNOWLES ENGINEERING BUILDING 110            99                  
120 PAIGE LABORATORY 250            225                
82 GOESSMANN LABORATORY ADDITION 440            396                
81 GOESSMANN LABORATORY 2,810           1,900           448              2,560            ---             1,050,000        230,000       4,790,000     ---             6,070,000      
TOTAL DISTRICT PLANT 2,609         2,348             WATER-COOLED 2,810           1,900           448              2,560            ---             1,050,000        230,000       4,790,000     ---             6,070,000      
92 MARSTON HALL 254            254                WATER-COOLED  ---              ---             390               ---              ---             920,000           200,000        ---              ---             1,120,000      
91 GUNNESS LABORATORY 171            171                AIR-COOLED  ---              ---             260               ---              ---             340,000           140,000        ---              ---             480,000         
87 DRAPER HALL 126            126                AIR-COOLED  ---              ---             230               ---              ---             300,000           120,000        ---              ---             420,000         
88 DRAPER HALL ANNEX 27              27                  
293 ENGINEERING SHOPS BUILDING 180            180                AIR-COOLED  ---              ---             270               ---              ---             360,000           140,000        ---              ---             500,000         
71 DUDA BUILDING 6                6                    AIR-COOLED  ---              ---             10                 ---              ---             10,000             10,000          ---              ---             20,000           
135 BOWDITCH HALL 50              50                  AIR-COOLED  ---              ---             80                 ---              ---             110,000           40,000          ---              ---             150,000         
296 HOLDSWORTH HALL 257            257                WATER-COOLED  ---              ---             390               ---              ---             920,000           200,000        ---              ---             1,120,000      
130 STOCKBRIDGE HALL 322            322                WATER-COOLED  ---              ---             490               ---              ---             1,150,000        250,000        ---              ---             1,400,000      
100 FLINT LABORATORY 117            117                AIR-COOLED  ---              ---             180               ---              ---             240,000           90,000          ---              ---             330,000         
344 CHENOWETH LABORATORY ADDITION 189            189                AIR-COOLED  ---              ---             290               ---              ---             380,000           150,000        ---              ---             530,000         
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES800            800                WATER-COOLED  ---              ---             1,200            ---              ---             2,820,000        620,000        ---              ---             3,440,000      
C6 PHYSICAL SCIENCE BUILDING 460            460                WATER-COOLED  ---              ---             780               ---              ---             1,840,000        410,000        ---              ---             2,250,000      
168 WEST EXPERIMENT STATION 58              58                  
TOTAL INDIVIDUAL SYSTEMS 3,017         3,017              ---                         ---              ---             4,570            ---              ---             9,390,000        2,370,000     ---              ---             11,760,000    
DISTRICT TOTALS 5,626         5,365              ---                        2,810           1,900           5,018           2,560            ---             10,440,000      2,600,000    4,790,000     ---             17,830,000    
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 2 - POLYMER CHW OPTION NO. 2 (FUTURE INDIVIDUAL SYSTEMS) ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK FUTURE ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
BLDG BUILDING WATER COOLING COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
NO. NAME PROD. LOAD TYPE PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
651 ENGINEERING & COMPUTER SCIENCE CENTER I427,500        285            
657 ENGINEERING LABORATORY II 676,500         451            
614 CONTE POLYMER RESEARCH CENTER 1,338,000      892            
604 KNOWLES ENGINEERING BUILDING 148,500         99              
120 PAIGE LABORATORY 337,500         225            
82 GOESSMANN LABORATORY ADDITION 594,000         396            
81 GOESSMANN LABORATORY 3,522,000       ---             0.85             18.00           0.35             2,990,000   404,000        ---             67,000         471,000       
TOTAL DISTRICT PLANT 3,522,000      2,348         WATER-COOLED 3,522,000       ---             0.85             18.00           0.35             2,990,000   404,000        ---             67,000         471,000       
92 MARSTON HALL 229,000         254            WATER-COOLED 229,000          ---             0.95             18.00           0.35             220,000      30,000          ---             12,190         42,190         
91 GUNNESS LABORATORY 231,000         171            AIR-COOLED 231,000          ---             1.30             18.00           0.35             300,000      41,000          ---             12,830         53,830         
87 DRAPER HALL 169,500         126            AIR-COOLED 205,500          ---             1.30             18.00           0.35             270,000      36,000          ---             16,290         52,290         
88 DRAPER HALL ANNEX 36,000           27              
293 ENGINEERING SHOPS BUILDING 243,000         180            AIR-COOLED 243,000          ---             1.30             18.00           0.35             320,000      43,000          ---             13,500         56,500         
71 DUDA BUILDING 5,000             6                AIR-COOLED 5,000              ---             1.30             18.00           0.35             10,000        1,000            ---             640              1,640           
135 BOWDITCH HALL 45,000           50              AIR-COOLED 45,000            ---             1.30             18.00           0.35             60,000        8,000            ---             5,330           13,330         
296 HOLDSWORTH HALL 231,000         257            WATER-COOLED 231,000          ---             0.95             18.00           0.35             220,000      30,000          ---             12,340         42,340         
130 STOCKBRIDGE HALL 290,000         322            WATER-COOLED 290,000          ---             0.95             18.00           0.35             280,000      38,000          ---             15,460         53,460         
100 FLINT LABORATORY 157,500         117            AIR-COOLED 157,500          ---             1.30             18.00           0.35             200,000      27,000          ---             12,460         39,460         
344 CHENOWETH LABORATORY ADDITION 255,000         189            AIR-COOLED 255,000          ---             1.30             18.00           0.35             330,000      45,000          ---             14,180         59,180         
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES1,080,000      800            WATER-COOLED 1,080,000       ---             0.95             18.00           0.35             1,030,000   139,000        ---             38,400         177,400       
C6 PHYSICAL SCIENCE BUILDING 621,000         460            WATER-COOLED 699,000          ---             0.95             18.00           0.35             660,000      89,000          ---             24,860         113,860       
168 WEST EXPERIMENT STATION 78,000           58              
TOTAL INDIVIDUAL SYSTEMS 3,671,000      3,017          ---                        3,671,000       ---             13.85           216.00         4.20             3,900,000   527,000        ---             178,480       705,480       
DISTRICT TOTALS 7,193,000      5,365          ---                        7,193,000       ---             14.70           234.00         4.55             6,890,000   931,000        ---             245,480       1,176,480    
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX
DISTRICT NO. 2 - POLYMER CHW OPTION NO. 3 (CONNECT NORTHEAST) CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED PEAK FUTURE TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING COOLING COOLING CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
DISTRICT 651 ENGINEERING & COMPUTER SCIENCE CENTER I 317           285                
INCREASE 657 ENGINEERING LABORATORY II 501            451                
614 CONTE POLYMER RESEARCH CENTER 991            892                
604 KNOWLES ENGINEERING BUILDING 110            99                  
82 GOESSMANN LABORATORY ADDITION 440            396                
81 GOESSMANN LABORATORY
120 PAIGE LABORATORY 250            225                
92 MARSTON HALL 254            229                
91 GUNNESS LABORATORY 171            154                
293 ENGINEERING SHOPS BUILDING 180            162                
71 DUDA BUILDING 6                5                    
168 WEST EXPERIMENT STATION 58              52                  
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES800            720                
C6 PHYSICAL SCIENCE BUILDING 460            414                
TOTAL DISTRICT INCREASE 4,538         4,084             WATER-COOLED 2,810            1,900            2,184            2,560            1,000            5,140,000     1,140,000     4,790,000     1,600,000     12,670,000     
INDIV. 87 DRAPER HALL 126            126                AIR-COOLED  ---               ---              230                ---               ---              300,000        120,000         ---               ---              420,000          
SYSTEMS 88 DRAPER HALL ANNEX 27              27                  
135 BOWDITCH HALL 50              50                  AIR-COOLED  ---               ---              80                  ---               ---              110,000        40,000           ---               ---              150,000          
296 HOLDSWORTH HALL 257            257                WATER-COOLED  ---               ---              390                ---               ---              920,000        200,000         ---               ---              1,120,000       
130 STOCKBRIDGE HALL 322            322                WATER-COOLED  ---               ---              490                ---               ---              1,150,000     250,000         ---               ---              1,400,000       
100 FLINT LABORATORY 117            117                AIR-COOLED  ---               ---              180                ---               ---              240,000        90,000           ---               ---              330,000          
344 CHENOWETH LABORATORY ADDITION 189            189                AIR-COOLED  ---               ---              290                ---               ---              380,000        150,000         ---               ---              530,000          
TOTAL INDIVIDUAL SYSTEMS 1,088         1,088              ---                          ---               ---              1,600             ---               ---              3,100,000     850,000         ---               ---              3,950,000       
DISTRICT TOTALS 5,626         5,172              ---                         2,810            1,900            3,784            2,560            1,000            8,240,000     1,990,000     4,790,000     1,600,000     16,620,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 2 - POLYMER CHW OPTION NO. 3 (CONNECT NORTHEAST) ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK FUTURE ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD TYPE PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
DISTRICT 651 ENGINEERING & COMPUTER SCIENCE CENTER I427,500        285             
INCREASE 657 ENGINEERING LABORATORY II 676,500         451             
614 CONTE POLYMER RESEARCH CENTER 1,338,000      892             
604 KNOWLES ENGINEERING BUILDING 148,500         99               
82 GOESSMANN LABORATORY ADDITION 594,000         396             
81 GOESSMANN LABORATORY
120 PAIGE LABORATORY 337,500         225             
92 MARSTON HALL 229,000         229             
91 GUNNESS LABORATORY 231,000         154             
293 ENGINEERING SHOPS BUILDING 243,000         162             
71 DUDA BUILDING 5,000             5                 
168 WEST EXPERIMENT STATION 78,000           52               
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES1,080,000      720             
C6 PHYSICAL SCIENCE BUILDING 621,000         414             
TOTAL DISTRICT INCREASE 6,009,000      4,084          WATER-COOLED 6,009,000       ---             0.85             18.00           0.35             5,110,000    690,000        ---             55,000         745,000       
INDIV. 87 DRAPER HALL 169,500         126             AIR-COOLED 205,500          ---             1.30             18.00           0.35             270,000       36,000          ---             11,000         47,000         
SYSTEMS 88 DRAPER HALL ANNEX 36,000           27               
135 BOWDITCH HALL 45,000           50               AIR-COOLED 45,000            ---             1.30             18.00           0.35             60,000         8,000            ---             5,000           13,000         
296 HOLDSWORTH HALL 231,000         257             WATER-COOLED 231,000          ---             0.95             18.00           0.35             220,000       30,000          ---             12,000         42,000         
130 STOCKBRIDGE HALL 290,000         322             WATER-COOLED 290,000          ---             0.95             18.00           0.35             280,000       38,000          ---             15,000         53,000         
100 FLINT LABORATORY 157,500         117             AIR-COOLED 157,500          ---             1.30             18.00           0.35             200,000       27,000          ---             12,000         39,000         
344 CHENOWETH LABORATORY ADDITION 255,000         189             AIR-COOLED 255,000          ---             1.30             18.00           0.35             330,000       45,000          ---             14,000         59,000         
TOTAL INDIVIDUAL SYSTEMS 1,184,000      1,088           ---                         1,184,000       ---              ---             18.00           0.35             1,360,000    184,000        ---             69,000         253,000       
DISTRICT TOTALS 7,193,000      5,172           ---                         7,193,000       ---              ---             18.00           0.35             6,470,000    874,000        ---             124,000       998,000       
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DISTRICT NO. 3 - NEW LIBRARY COOLING DISTRICT CAPITAL COSTS SUMMARY (WITHOUT GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW LIBRARY 417 DUBOIS LIBRARY 811            730,000       730            
DISTRICT 129 SOUTH COLLEGE 125            113,000       113            
80 CHAPEL 52              47,000         47              
C5 SOUTH COLLEGE ACADEMIC FACILITY 320            288,000       288            
405 THOMPSON HALL 400            400,000       400            
92% TOTAL DISTRICT PLANT 1,708         1,578,000    1,578         W/C 1,015       515          1,080        ---         500          1,950,000   430,000       ---            800,000      3,180,000     
INDIVIDUAL 417 DUBOIS LIBRARY 811            730,000       811            W/C 865          365          500           ---          ---         910,000      200,000       ---             ---            1,110,000     
SYSTEMS 129 SOUTH COLLEGE 125            113,000       125            A/C  ---          ---         190           ---          ---         190,000      80,000         ---             ---            270,000        
80 CHAPEL 52              47,000         52              A/C  ---          ---         80             ---          ---         80,000        30,000         ---             ---            110,000        
C5 SOUTH COLLEGE ACADEMIC FACILITY 320            288,000       320            W/C  ---          ---         480           ---          ---         870,000      190,000       ---             ---            1,060,000     
405 THOMPSON HALL 400            400,000       400            W/C 450          300          100          300           ---         180,000      40,000        430,000       ---            650,000        
TOTAL INDIVIDUAL SYSTEM 1,708         1,578,000    1,708         --- 1,315       665          1,350       300           ---         2,230,000   540,000      430,000       ---            3,200,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 3 - NEW LIBRARY COOLING DISTRICT ANNUAL COSTS SUMMARY  (WITHOUT GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW LIBRARY 417 DUBOIS LIBRARY 730,000          730             
DISTRICT 129 SOUTH COLLEGE 113,000          113             
80 CHAPEL 47,000            47               
C5 SOUTH COLLEGE ACADEMIC FACILITY 288,000          288             
405 THOMPSON HALL 400,000          400             
TOTAL DISTRICT PLANT 1,578,000       1,578          1,578,000        ---              0.85              18.00            0.35              1,341,000     181,000         ---              60,000          241,000        
INDIVIDUAL 417 DUBOIS LIBRARY 730,000          811             730,000           ---              0.95              18.00            0.35              690,000        93,000           ---              39,000          132,000        
SYSTEMS 129 SOUTH COLLEGE 113,000          125             113,000           ---              0.95              18.00            0.35              110,000        15,000           ---              13,000          28,000          
80 CHAPEL 47,000            52               47,000             ---              0.95              18.00            0.35              40,000          5,000             ---              6,000            11,000          
C5 SOUTH COLLEGE ACADEMIC FACILITY 288,000          320             288,000           ---              0.95              18.00            0.35              270,000        36,000           ---              15,000          51,000          
405 THOMPSON HALL 400,000          400             250,000          150,000          0.95              18.00            0.35              290,000        39,000          17,000          24,000          80,000          
TOTAL INDIVIDUAL SYSTEMS 1,578,000       1,708          1,428,000       150,000           ---               ---               ---              1,400,000     188,000        17,000          97,000          302,000        
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DISTRICT NO. 3 - NEW LIBRARY COOLING DISTRICT CAPITAL COSTS SUMMARY (WITH GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
DISTRICT BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
LOOP NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW LIBRARY 417 DUBOIS LIBRARY 811            730,000       730            
DISTRICT 129 SOUTH COLLEGE 125            113,000       113            
80 CHAPEL 52              47,000         47              
C5 SOUTH COLLEGE ACADEMIC FACILITY 320            288,000       288            
405 THOMPSON HALL 400            400,000       400            
171 GOODELL BUILDING 113            90,000         81              
172 GOODELL BUILDING ADDITION 317            254,000       229            
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572           572,000       515            
89% TOTAL DISTRICT PLANT 2,710         2,494,000    2,402         W/C 1,015          515             1,900           ---            1,130          3,440,000   760,000       ---            1,810,000   6,010,000     
INDIVIDUAL 417 DUBOIS LIBRARY 811            730,000       811            W/C 865             365             500              ---             ---            910,000      200,000       ---             ---            1,110,000     
SYSTEMS 129 SOUTH COLLEGE 125            113,000       125            A/C  ---             ---            190              ---             ---            190,000      80,000         ---             ---            270,000        
80 CHAPEL 52              47,000         52              A/C  ---             ---            80                ---             ---            80,000        30,000         ---             ---            110,000        
C5 SOUTH COLLEGE ACADEMIC FACILITY 320            288,000       320            W/C  ---             ---            480              ---             ---            870,000      190,000       ---             ---            1,060,000     
405 THOMPSON HALL 400            400,000       400            W/C 450             300             100             300              ---            180,000      40,000        430,000       ---            650,000        
171 GOODELL BUILDING 113            90,000         90              
172 GOODELL BUILDING ADDITION 317            254,000       254            W/C 370              ---            350             370              ---            630,000      140,000      530,000       ---            1,300,000     
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572           572,000       572            W/C  ---             ---            860              ---             ---            1,560,000   340,000       ---             ---            1,900,000     
TOTAL INDIVIDUAL SYSTEM 2,710         2,494,000    2,624         --- 1,685          665             2,560          670              ---            4,420,000   1,020,000   960,000       ---            6,400,000     
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DISTRICT NO. 3 - NEW LIBRARY COOLING DISTRICT ANNUAL COSTS SUMMARY (WITH GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW LIBRARY 417 DUBOIS LIBRARY 730,000          730             
DISTRICT 129 SOUTH COLLEGE 113,000          113             
80 CHAPEL 47,000            47               
C5 SOUTH COLLEGE ACADEMIC FACILITY 288,000          288             
405 THOMPSON HALL 400,000          400             
171 GOODELL BUILDING 90,000            81               
172 GOODELL BUILDING ADDITION 254,000          229             
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572,000          515             
TOTAL DISTRICT PLANT 2,494,000       2,402          2,494,000        ---              0.85              18.00            0.35              2,120,000     286,000         ---              84,000          370,000        
INDIVIDUAL 417 DUBOIS LIBRARY 730,000          811             730,000           ---              0.95              18.00            0.35              690,000        93,000           ---              39,000          132,000        
SYSTEMS 129 SOUTH COLLEGE 113,000          125             113,000           ---              0.95              18.00            0.35              110,000        15,000           ---              13,000          28,000          
80 CHAPEL 47,000            52               47,000             ---              0.95              18.00            0.35              40,000          5,000             ---              6,000            11,000          
C5 SOUTH COLLEGE ACADEMIC FACILITY 288,000          320             288,000           ---              0.95              18.00            0.35              270,000        36,000           ---              15,000          51,000          
405 THOMPSON HALL 400,000          400             250,000          150,000          0.95              18.00            0.35              290,000        39,000          17,000          24,000          80,000          
171 GOODELL BUILDING 90,000            90               
172 GOODELL BUILDING ADDITION 254,000          254             344,000           ---              0.95              18.00            0.35              330,000        45,000           ---               ---              45,000          
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572,000          572             572,000           ---              0.95              18.00            0.35              540,000        73,000           ---               ---              73,000          
TOTAL INDIVIDUAL SYSTEMS 2,494,000       2,624          2,344,000       150,000           ---               ---               ---              2,270,000     306,000        17,000          97,000          420,000        
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DISTRICT NO. 4 - NEW DINING COOLING DISTRICT CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
OPTION BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
DESCRIPTION NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW DINING 357 HAMPSHIRE DINING HALL 168             168,000    151       
DISTRICT 382 HAMPDEN DINING HALL 142             142,000    128       
399 BERKSHIRE DINING HALL 200             200,000    180       
TOTAL DISTRICT SYSTEM 510             510,000    459       W/C 592              342              120              200              750              220,000       50,000         290,000       1,200,000    1,760,000      
INDIVIDUAL 357 HAMPSHIRE DINING HALL 168             168,000    168       A/C 250               ---             170               ---              ---             170,000       70,000          ---              ---             240,000         
SYSTEMS 382 HAMPDEN DINING HALL 142             142,000    142       A/C 142               ---             150               ---              ---             150,000       60,000          ---              ---             210,000         
399 BERKSHIRE DINING HALL 200             200,000    200       A/C 200               ---             200              200               ---             200,000       80,000         290,000        ---             570,000         
TOTAL INDIVIDUAL SYSTEM 510             510,000    510       --- 592               ---             520              200               ---             520,000       210,000       290,000        ---             1,020,000      
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DISTRICT NO. 4 - NEW DINING COOLING DISTRICT ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW DINING 357 HAMPSHIRE DINING HALL 168,000          151             
DISTRICT 382 HAMPDEN DINING HALL 142,000          128             
399 BERKSHIRE DINING HALL 200,000          180             
TOTAL DISTRICT OPTION 510,000          459             60,000            450,000          0.85              18.00            0.35              209,000        28,000          52,000          21,000          101,000        
INDIVIDUAL 357 HAMPSHIRE DINING HALL 168,000          168              ---              168,000          0.95              18.00            0.35              60,000          8,000            20,000          10,000          38,000          
SYSTEMS 382 HAMPDEN DINING HALL 142,000          142             142,000           ---              0.95              18.00            0.35              130,000        18,000           ---              15,000          33,000          
399 BERKSHIRE DINING HALL 200,000          200              ---              200,000          0.95              18.00            0.35              70,000          9,000            23,000          12,000          44,000          
TOTAL INDIVIDUAL OPTION 510,000          510             142,000          368,000           ---               ---               ---              260,000        35,000          43,000          37,000          115,000        
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DISTRICT NO. 5 - NEW HONORS COLLEGE COOLING DISTRICT CAPITAL COSTS SUMMARY (WITH GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
OPTION BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
DESCRIPTION NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW HONORS 706 LINDEN HOUSE 1,226         981,000         883                
COLLEGE 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 450            360,000         324                
171 GOODELL BUILDING 113            90,000           81                  
172 GOODELL BUILDING ADDITION 317            254,000         229                
678 RECREATION CENTER 289            289,000         260                
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572            572,000         515                
TOTAL DISTRICT SYSTEM 2,967         2,546,000      2,291             W/C 2,240          1,740          560              ---            650             1,010,000   220,000       ---            1,040,000   2,270,000     
INDIVIDUAL 706 LINDEN HOUSE 1,226         981,000         981                
SYSTEMS 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 450            360,000         360                W/C 1,900          1,400           ---             ---             ---             ---             ---             ---             ---             ---            
171 GOODELL BUILDING 113            90,000           90                  
172 GOODELL BUILDING ADDITION 317            254,000         254                W/C 370              ---            350             370              ---            630,000      140,000      530,000       ---            1,300,000     
678 RECREATION CENTER 289            289,000         289                W/C 340             170             120              ---             ---            220,000      50,000         ---             ---            270,000        
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572            572,000         572                W/C  ---             ---            860              ---             ---            1,560,000   340,000       ---             ---            1,900,000     
TOTAL INDIVIDUAL SYSTEM 2,967         2,546,000      2,546             --- 2,610          1,570          1,330          370              ---            2,410,000   530,000      530,000       ---            3,470,000     
FILE: H:\PROJ\114053A0\MP\CALC\14053-CHW-LOADS.XLSX RMF 25 SEP 2014
DISTRICT NO. 5 - NEW HONORS COLLEGE COOLING DISTRICT ANNUAL COSTS SUMMARY (WITH GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW HONORS 706 LINDEN HOUSE 981,000          883             
COLLEGE 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 360,000          324             
171 GOODELL BUILDING 90,000            81               
172 GOODELL BUILDING ADDITION 254,000          229             
678 RECREATION CENTER 289,000          260             
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572,000          515             
TOTAL DISTRICT OPTION 2,546,000       2,291          2,546,000        ---              0.85              18.00            0.35              2,164,000     292,000         ---              72,000          364,000        
INDIVIDUAL 706 LINDEN HOUSE 981,000          981             
SYSTEMS 707 OAK HOUSE  ---                  ---              
708 ELM HOUSE  ---                  ---              
709 MAPLE HOUSE  ---                  ---              
710 BIRCH HOUSE  ---                  ---              
711 COMMONWEALTH HONORS COLLEGE  ---                  ---              
712 SYCAMORE HOUSE  ---                  ---              
415 TOBIN HALL 360,000          360             1,341,000        ---              0.85              18.00            0.35              1,140,000     154,000         ---              61,000          215,000        
171 GOODELL BUILDING 90,000            90               
172 GOODELL BUILDING ADDITION 254,000          254             344,000           ---              0.95              18.00            0.35              327,000        44,000           ---              23,000          67,000          
678 RECREATION CENTER 289,000          289             289,000           ---              0.95              18.00            0.35              275,000        37,000           ---              15,000          52,000          
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL572,000          572             572,000           ---              0.95              18.00            0.35              543,000        73,000           ---              28,000          101,000        
TOTAL INDIVIDUAL OPTION 2,546,000       2,546          2,546,000        ---               ---               ---               ---              2,285,000     308,000         ---              127,000        435,000        
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DISTRICT NO. 5 - NEW HONORS COLLEGE COOLING DISTRICT CAPITAL COSTS SUMMARY (WITHOUT GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
OPTION BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
DESCRIPTION NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW HONORS 706 LINDEN HOUSE 1,226        981,000        883               
COLLEGE 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 450           360,000        324               
678 RECREATION CENTER 289           289,000        260               
TOTAL DISTRICT SYSTEM 1,965        1,630,000     1,467            W/C 2,240           1,740            ---              ---             170               ---              ---              ---             270,000       270,000         
INDIVIDUAL 706 LINDEN HOUSE 1,226        981,000        981               
SYSTEMS 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 450           360,000        360               W/C 1,900           1,400            ---              ---              ---              ---              ---              ---              ---              ---             
678 RECREATION CENTER 289           289,000        289               W/C 340              170              120               ---              ---             220,000       50,000          ---              ---             270,000         
TOTAL INDIVIDUAL SYSTEM 1,965        1,630,000     1,630            --- 2,240           1,570           120               ---              ---             220,000       50,000          ---              ---             270,000         
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DISTRICT NO. 5 - NEW HONORS COLLEGE COOLING DISTRICT ANNUAL COSTS SUMMARY (WITHOUT GOODELL)
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW HONORS 706 LINDEN HOUSE 981,000          883             
COLLEGE 707 OAK HOUSE
708 ELM HOUSE
709 MAPLE HOUSE
710 BIRCH HOUSE
711 COMMONWEALTH HONORS COLLEGE
712 SYCAMORE HOUSE
415 TOBIN HALL 360,000          324             
678 RECREATION CENTER 289,000          260             
TOTAL DISTRICT OPTION 1,630,000       1,467          1,630,000        ---              0.85              18.00            0.35              1,386,000     187,000         ---              57,000          244,000        
INDIVIDUAL 706 LINDEN HOUSE 981,000          981             
SYSTEMS 707 OAK HOUSE  ---                  ---              
708 ELM HOUSE  ---                  ---              
709 MAPLE HOUSE  ---                  ---              
710 BIRCH HOUSE  ---                  ---              
711 COMMONWEALTH HONORS COLLEGE  ---                  ---              
712 SYCAMORE HOUSE  ---                  ---              
415 TOBIN HALL 360,000          360             1,341,000        ---              0.85              18.00            0.35              1,140,000     154,000         ---              61,000          215,000        
678 RECREATION CENTER 289,000          289             289,000           ---              0.95              18.00            0.35              275,000        37,000           ---              15,000          52,000          
TOTAL INDIVIDUAL OPTION 1,630,000       1,630          1,630,000        ---               ---               ---               ---              1,415,000     191,000         ---              76,000          267,000        
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DISTRICT NO. 6 - NEW WHITMORE COOLING DISTRICT CAPITAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD CHILLER SUMMARY & PIPING COST SUMMARY CAPITAL COSTS SUMMARY
EXISTING EXISTING NEW FUTURE
CONNECTED CHILLED PEAK TOTAL FIRM FUTURE CAPITAL CHILLED CHILLER FUTURE CAPITAL TOTAL
OPTION BLDG BUILDING COOLING WATER COOLING CHILLER CHILLER CHILLER CHILLER CHILLER WATER SYSTEM PLANT RENEWAL PIPING CAPITAL
DESCRIPTION NO. NAME LOAD PROD. LOAD TYPE CAPACITY CAPACITY CAPACITY RENEWAL PIPING COSTS COSTS COSTS COSTS COST
(TONS) (TON-HRS) (TONS) (TONS) (TONS) (TONS) (TONS) (LF) ($) ($) ($) ($) ($)
NEW 420 FINE ARTS CENTER 992            714,000         643               
WHITMORE 406 HERTER HALL 414            298,000         268               
DISTRICT 388 WHITMORE HALL 192            138,000         124               
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 299            299,000         269               
329 MAHAR AUDITORIUM 64              64,000          58                 
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 228            228,000         205               
TOTAL DISTRICT SYSTEM 1,598         1,150,000      1,567            W/C 2,010        1,610         ---           ---        1,200     ---             ---             ---            1,920,000   1,920,000     
INDIVIDUAL 420 FINE ARTS CENTER 992            714,000         714               
SYSTEMS 406 HERTER HALL 414            298,000         298               
388 WHITMORE HALL 192            138,000         138               W/C 1,550        1,150         ---           ---         ---       ---             ---             ---             ---             ---            
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 299            299,000         299               W/C 400            ---          300            ---         ---      540,000      120,000       ---             ---            660,000        
329 MAHAR AUDITORIUM 64              64,000          64                 A/C 60              ---          70              ---         ---      70,000        30,000         ---             ---            100,000        
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 228            228,000         228               W/C  ---           ---          350            ---         ---      630,000      140,000       ---             ---            770,000        
TOTAL INDIVIDUAL SYSTEM 2,189         1,741,000      1,741            --- 2,010        1,150        720            ---         ---      1,240,000   290,000       ---             ---            1,530,000     
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DISTRICT NO. 6 - NEW WHITMORE COOLING DISTRICT ANNUAL COSTS SUMMARY
UNIVERSITY OF MASSACHUSETTS, AMHERST
BUILDING LOAD SUMMARY CHILLER OPERATION FUEL SUMMARY OPERATING COST SUMMARY
ELECTRIC
CHILLED PEAK ELECTRIC ABSORPTION ELECTRIC ABSORPTION AUX. TOTAL
DISTRICT BLDG BUILDING WATER COOLING CHILLER CHILLER CHILLER CHILLER  FOR ABSORP ELECTRIC ELECTRIC STEAM MAINT. OPERATING
LOOP NO. NAME PROD. LOAD PRODUCED PRODUCED EFFICIENCY EFF. EFF. CONSUMED COSTS COSTS COSTS COSTS
(TON-HRS) (TONS) (TON-HRS) (TON-HRS) (KW/TON) (PPH/TON) (KW/TON) (KWH) ($/YR) ($/YR) ($/YR) ($/YR)
NEW 420 FINE ARTS CENTER 714,000          643             
WHITMORE 406 HERTER HALL 298,000          268             
DISTRICT 388 WHITMORE HALL 138,000          124             
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING299,000          269             
329 MAHAR AUDITORIUM 64,000            58               
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION228,000          205             
TOTAL DISTRICT OPTION 1,741,000       1,567          1,741,000        ---              0.85              18.00            0.35              1,480,000     200,000         ---              64,000          264,000        
INDIVIDUAL 420 FINE ARTS CENTER 714,000          714             
SYSTEMS 406 HERTER HALL 298,000          298             
388 WHITMORE HALL 138,000          138             1,150,000        ---              0.85              18.00            0.35              980,000        132,000         ---              50,000          182,000        
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING299,000          299             299,000           ---              0.95              18.00            0.35              280,000        38,000           ---              22,000          60,000          
329 MAHAR AUDITORIUM 64,000            64               64,000             ---              0.95              18.00            0.35              60,000          8,000             ---              4,000            12,000          
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION228,000          228             228,000           ---              0.95              18.00            0.35              220,000        30,000           ---              11,000          41,000          
TOTAL INDIVIDUAL OPTION 1,741,000       1,741          1,741,000        ---               ---               ---               ---              1,540,000     208,000         ---              87,000          295,000        
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 5.6 FUTURE ELECTRIC FEEDER ANALYSIS 
  
FUTURE 13.8 KV SUBSTATION FEEDER ANALYSIS - TRANSFERRING
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 FUTURE SWITCHGEAR 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST WEST WEST FUTURE FUTURE EAST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/WF A1/B1 L/M FEED 1 FEED 2 E/F T1/T2 SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
2 ARNOLD HOUSE 77                ---              ---              ---              ---              ---              ---              ---              ---              77                ---              ---              ---              ---              
7 BERKSHIRE HOUSE 44                ---              ---              ---              ---              22                ---              ---              ---              ---              ---              22                22                44                
8 HAMPSHIRE HOUSE 63                ---              ---              ---              ---              32                ---              ---              ---              ---              ---              32                32                63                
9 MIDDLESEX HOUSE 69                ---              ---              ---              ---              35                ---              ---              ---              ---              ---              35                35                69                
12 CRABTREE HOUSE 77                ---              ---              ---              ---              ---              77                ---              ---              ---              ---              ---              ---              ---              
13 LINCOLN APARTMENTS UNIT 1 63                ---              ---              ---              ---              ---              ---              63                ---              ---              ---              ---              ---              ---              
14 LINCOLN APARTMENTS UNIT 2
15 LINCOLN APARTMENTS UNIT 3
16 LINCOLN APARTMENTS UNIT 4
17 LINCOLN APARTMENTS UNIT 5
18 LINCOLN APARTMENTS UNIT 6
19 LINCOLN APARTMENTS UNIT 7
20 LINCOLN APARTMENTS UNIT 8
21 LINCOLN APARTMENTS UNIT 9
22 LINCOLN APARTMENTS UNIT 10
23 LINCOLN APARTMENTS UNIT 11
25 HAMLIN HOUSE 42                ---              ---              ---              ---              ---              ---              ---              ---              42                ---              ---              ---              ---              
26 KNOWLTON HOUSE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
27 LEACH HOUSE 42                ---              ---              ---              ---              ---              ---              ---              ---              42                ---              ---              ---              ---              
28 LEWIS HOUSE 113              ---              ---              ---              ---              ---              113              ---              ---              ---              ---              ---              ---              ---              
29 NEW AFRICA (MILLS HOUSE) 51                ---              ---              ---              ---              26                ---              ---              ---              ---              ---              26                26                51                
30 THATCHER HOUSE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
32 VAN METER HOUSE 87                ---              ---              ---              ---              44                ---              ---              ---              ---              ---              44                44                87                
33 WHEELER HOUSE 44                ---              ---              ---              ---              22                ---              ---              ---              ---              ---              22                22                44                
34 MARY LYON HOUSE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
35 DWIGHT HOUSE 43                ---              ---              ---              ---              ---              ---              ---              ---              43                ---              ---              ---              ---              
36 JOHNSON HOUSE 41                ---              ---              ---              ---              ---              ---              ---              ---              41                ---              ---              ---              ---              
37 HILLS HOUSE 100              ---              ---              ---              ---              50                ---              ---              ---              ---              ---              50                50                100              
38 BLAISDELL HOUSE 14                ---              ---              ---              ---              7                  ---              ---              ---              ---              ---              7                  7                  14                
57 CHANCELLOR'S HOUSE 29                ---              ---              ---              ---              15                ---              ---              ---              ---              ---              15                15                29                
58 MONTAGUE HOUSE 18                ---              ---              ---              ---              ---              ---              ---              ---              18                ---              ---              ---              ---              
61 HOMESTEAD HOUSE 14                ---              ---              ---              ---              7                  ---              ---              ---              ---              ---              7                  7                  14                
62 STOCKBRIDGE HOUSE 14                ---              ---              ---              ---              7                  ---              ---              ---              ---              ---              7                  7                  14                
71 DUDA BUILDING 5                  ---              ---              ---              ---              3                  ---              ---              ---              ---              ---              3                  3                  5                  
72 ANIMAL ISOLATION LABORATORY 10                ---              ---              ---              ---              5                  ---              ---              ---              ---              ---              5                  5                  10                
73 THAYER ANIMAL DISEASE LABORATORY 9                  ---              ---              ---              ---              5                  ---              ---              ---              ---              ---              5                  5                  9                  
79 ARMY ROTC BUILDING 11                ---              ---              ---              ---              6                  ---              ---              ---              ---              ---              6                  6                  11                
80 CHAPEL 62                ---              ---              ---              ---              31                ---              ---              ---              ---              ---              31                31                62                
81 GOESSMANN LABORATORY 599              ---              ---              ---              ---              ---              ---              ---              ---              ---              599              ---              ---              ---              
82 GOESSMANN LABORATORY ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
83 CLARK HALL 69                ---              ---              ---              ---              35                ---              ---              ---              ---              ---              35                35                69                
84 CLARK HALL GREENHOUSE 11                ---              ---              ---              ---              6                  ---              ---              ---              ---              ---              6                  6                  11                
85 WORCESTER DINING HALL 284              ---              ---              ---              ---              142              ---              ---              ---              ---              ---              142              142              284              
86 WORCESTER DINING HALL ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
87 DRAPER HALL 47                ---              ---              ---              ---              24                ---              ---              ---              ---              ---              24                24                47                
88 DRAPER HALL ANNEX ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
89 EAST EXPERIMENT STATION 15                ---              ---              ---              ---              8                  ---              ---              ---              ---              ---              8                  8                  15                
91 GUNNESS LABORATORY 62                ---              ---              ---              ---              31                ---              ---              ---              ---              ---              31                31                62                
92 MARSTON HALL 138              ---              ---              ---              ---              69                ---              ---              ---              ---              ---              69                69                138              
93 AGRICULTURAL ENGINEERING BLDG SOUTH 60                ---              ---              ---              ---              30                ---              ---              ---              ---              ---              30                30                60                
94 AGRICULTURAL ENGINEERING BLDG NORTH 40                ---              ---              ---              ---              20                ---              ---              ---              ---              ---              20                20                40                
FUTURE 13.8 KV SUBSTATION FEEDER ANALYSIS - TRANSFERRING
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 FUTURE SWITCHGEAR 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST WEST WEST FUTURE FUTURE EAST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/WF A1/B1 L/M FEED 1 FEED 2 E/F T1/T2 SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
96 DURFEE RANGE 15                ---              ---              ---              ---              8                  ---              ---              ---              ---              ---              8                  8                  15                
97 FERNALD HALL 86                ---              ---              ---              ---              43                ---              ---              ---              ---              ---              43                43                86                
100 FLINT LABORATORY 33                ---              ---              ---              ---              17                ---              ---              ---              ---              ---              17                17                33                
101 CHENOWETH LABORATORY 244              ---              ---              ---              ---              122              ---              ---              ---              ---              ---              122              122              244              
104 FRENCH HALL 45                ---              ---              ---              ---              23                ---              ---              ---              ---              ---              23                23                45                
105 FRENCH HALL GREENHOUSE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
107 BARTLETT HALL 186              ---              ---              ---              ---              93                ---              ---              ---              ---              ---              93                93                186              
111 MACHMER HALL 97                ---              ---              ---              ---              49                ---              ---              ---              ---              ---              49                49                97                
115 MEMORIAL HALL 58                ---              ---              ---              ---              29                ---              ---              ---              ---              ---              29                29                58                
116 MUNSON HALL 18                ---              ---              ---              ---              9                  ---              ---              ---              ---              ---              9                  9                  18                
117 MUNSON HALL ANNEX ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
118 HATCH LABORATORY 26                ---              ---              ---              ---              13                ---              ---              ---              ---              ---              13                13                26                
120 PAIGE LABORATORY 30                ---              ---              ---              ---              15                ---              ---              ---              ---              ---              15                15                30                
121 HICKS PHYSICAL EDUCATION BUILDING 93                ---              ---              ---              ---              47                ---              ---              ---              ---              ---              47                47                93                
122 HICKS PHYSICAL EDUCATION CAGE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
123 TOTMAN PHYSICAL EDUCATION BUILDING 97                ---              ---              ---              ---              ---              ---              ---              ---              97                ---              ---              ---              ---              
124 HASBROUCK LABORATORY 177              ---              ---              ---              ---              89                ---              ---              ---              ---              ---              89                89                177              
125 PHOTOGRAPHY LABORATORY 30                ---              ---              ---              ---              15                ---              ---              ---              ---              ---              15                15                30                
126 MORRILL SCIENCE CENTER I 183              ---              ---              ---              ---              ---              183              ---              ---              ---              ---              ---              ---              ---              
127 MORRILL SCIENCE CENTER II 269              ---              ---              ---              ---              ---              269              ---              ---              ---              ---              ---              ---              ---              
128 SKINNER HALL 98                ---              ---              ---              ---              49                ---              ---              ---              ---              ---              49                49                98                
129 SOUTH COLLEGE 49                ---              ---              ---              ---              25                ---              ---              ---              ---              ---              25                25                49                
130 STOCKBRIDGE HALL 127              ---              ---              ---              ---              64                ---              ---              ---              ---              ---              64                64                127              
131 STUDENT UNION 220              ---              ---              ---              ---              ---              220              ---              ---              ---              ---              ---              ---              ---              
132 DICKINSON HALL 43                ---              ---              ---              ---              22                ---              ---              ---              ---              ---              22                22                43                
135 BOWDITCH HALL 50                ---              ---              ---              ---              25                ---              ---              ---              ---              ---              25                25                50                
136 GRINNELL ARENA 24                ---              ---              ---              ---              12                ---              ---              ---              ---              ---              12                12                24                
166 HORSE BARN 25                ---              ---              ---              ---              13                ---              ---              ---              ---              ---              13                13                25                
167 BOWDITCH HALL GREENHOUSE 14                ---              ---              ---              ---              7                  ---              ---              ---              ---              ---              7                  7                  14                
168 WEST EXPERIMENT STATION 46                ---              ---              ---              ---              23                ---              ---              ---              ---              ---              23                23                46                
169 WILDER HALL 33                ---              ---              ---              ---              17                ---              ---              ---              ---              ---              17                17                33                
170 PHYSICAL PLANT BUILDING 250              ---              ---              ---              250              ---              ---              ---              ---              ---              ---              ---              ---              ---              
171 GOODELL BUILDING 268              ---              268              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
172 GOODELL BUILDING ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
245 ART BARN 10                ---              ---              ---              ---              5                  ---              ---              ---              ---              ---              5                  5                  10                
289 FURCOLO HALL 76                ---              ---              ---              ---              ---              ---              ---              ---              76                ---              ---              ---              ---              
290 MORRILL SCIENCE CENTER III 317              ---              ---              ---              ---              ---              317              ---              ---              ---              ---              ---              ---              ---              
291 UNIVERSITY HEALTH CENTER 302              ---              ---              ---              ---              151              ---              ---              ---              ---              ---              151              151              302              
292 COLD STORAGE BUILDING 56                ---              ---              ---              ---              28                ---              ---              ---              ---              ---              28                28                56                
293 ENGINEERING SHOPS BUILDING 132              ---              ---              ---              ---              66                ---              ---              ---              ---              ---              66                66                132              
295 BRETT HOUSE 132              ---              ---              ---              ---              66                ---              ---              ---              ---              ---              66                66                132              
296 HOLDSWORTH HALL 95                ---              ---              ---              ---              48                ---              ---              ---              ---              ---              48                48                95                
317 ISENBERG SCHOOL OF MANAGEMENT BUILDING 523              523              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
318 HASBROUCK LABORATORY ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
319 BOYDEN GYMNASIUM 219              ---              219              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
329 MAHAR AUDITORIUM 85                85                ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
330 GRAYSON HOUSE 205              ---              ---              ---              ---              103              ---              ---              ---              ---              ---              103              103              205              
331 DICKINSON HOUSE 134              ---              ---              ---              ---              67                ---              ---              ---              ---              ---              67                67                134              
332 FIELD HOUSE 203              ---              ---              ---              ---              102              ---              ---              ---              ---              ---              102              102              203              
333 WEBSTER HOUSE 134              ---              ---              ---              ---              67                ---              ---              ---              ---              ---              67                67                134              
334 FRANKLIN DINING HALL 417              417              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
FUTURE 13.8 KV SUBSTATION FEEDER ANALYSIS - TRANSFERRING
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 FUTURE SWITCHGEAR 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST WEST WEST FUTURE FUTURE EAST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/WF A1/B1 L/M FEED 1 FEED 2 E/F T1/T2 SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
343 MARCUS HALL 166              ---              ---              ---              ---              ---              ---              ---              ---              ---              166              ---              ---              ---              
344 CHENOWETH LABORATORY ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
347 MORRILL SCIENCE CENTER IV 510              ---              ---              ---              ---              ---              510              ---              ---              ---              ---              ---              ---              ---              
352 KENNEDY HOUSE 188              ---              ---              ---              ---              ---              ---              188              ---              ---              ---              ---              ---              ---              
353 COOLIDGE HOUSE 170              ---              ---              ---              ---              ---              ---              170              ---              ---              ---              ---              ---              ---              
354 ADAMS, JOHN HOUSE 170              ---              ---              ---              ---              ---              ---              170              ---              ---              ---              ---              ---              ---              
355 ADAMS, JOHN Q. HOUSE 182              ---              ---              ---              ---              ---              ---              182              ---              ---              ---              ---              ---              ---              
356 WASHINGTON HOUSE 195              ---              ---              ---              ---              ---              ---              195              ---              ---              ---              ---              ---              ---              
378 PATTERSON HOUSE 172              ---              ---              ---              ---              ---              ---              172              ---              ---              ---              ---              ---              ---              
380 CRAMPTON HOUSE 165              ---              ---              ---              ---              ---              ---              165              ---              ---              ---              ---              ---              ---              
381 PRINCE HOUSE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
382 HAMPDEN DINING HALL 335              ---              ---              ---              ---              ---              ---              335              ---              ---              ---              ---              ---              ---              
387 AGRICULTURAL ENGINEERING BUILDING CENTRAL 50                ---              ---              ---              ---              25                ---              ---              ---              ---              ---              25                25                50                
388 WHITMORE HALL 444              ---              444              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
397 PHYSICAL PLANT FLAMMABLE STORAGE 8                  ---              ---              ---              ---              4                  ---              ---              ---              ---              ---              4                  4                  8                  
398 PHYSICAL PLANT BUILDING ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
399 BERKSHIRE DINING HALL 353              ---              ---              ---              ---              ---              ---              353              ---              ---              ---              ---              ---              ---              
400 CANCE HOUSE 98                ---              ---              ---              ---              ---              ---              98                ---              ---              ---              ---              ---              ---              
401 PIERPONT HOUSE 147              ---              ---              ---              ---              ---              ---              147              ---              ---              ---              ---              ---              ---              
402 MOORE HOUSE 83                ---              ---              ---              ---              ---              ---              83                ---              ---              ---              ---              ---              ---              
403 ASTRONOMY BUILDING 34                ---              ---              ---              ---              ---              ---              34                ---              ---              ---              ---              ---              ---              
405 THOMPSON HALL 190              ---              ---              ---              ---              95                ---              ---              ---              ---              ---              95                95                190              
406 HERTER HALL 271              271              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
412 LEDERLE GRADUATE RESEARCH CENTER 1,683           ---              ---              ---              ---              ---              ---              ---              ---              ---              1,683           ---              ---              ---              
413 LINCOLN CAMPUS CENTER 1,361           ---              ---              ---              ---              681              ---              ---              ---              ---              ---              681              681              1,361           
414 PARKING GARAGE 120              ---              ---              ---              ---              ---              120              ---              ---              ---              ---              ---              ---              ---              
415 TOBIN HALL 416              ---              416              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
417 DUBOIS LIBRARY 725              725              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
418 UNIVERSITY HEALTH CENTER ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
420 FINE ARTS CENTER 601              601              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
422 PHYSICAL PLANT LUMBER STORAGE BARN 22                ---              ---              ---              22                ---              ---              ---              ---              ---              ---              ---              ---              ---              
426 BROWN HOUSE 114              ---              ---              ---              ---              ---              ---              ---              ---              114              ---              ---              ---              ---              
427 CASHIN HOUSE 107              ---              ---              ---              ---              ---              ---              ---              ---              107              ---              ---              ---              ---              
428 MCNAMARA HOUSE 139              ---              ---              ---              ---              ---              ---              ---              ---              139              ---              ---              ---              ---              
502 LEDERLE GRADUATE RESEARCH CENTER ADD. 1,131           ---              ---              ---              ---              ---              ---              ---              ---              ---              1,131           ---              ---              ---              
508 MORRILL SCIENCE CENTER GREENHOUSE ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
548 PLANT & SOIL SCIENCES GREENHOUSE #9 9                  ---              ---              ---              ---              5                  ---              ---              ---              ---              ---              5                  5                  9                  
576 HICKS PHYSICAL EDUCATION CAGE ADDITION ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
577 ROBSHAM MEMORIAL CENTER FOR VISITORS 6                  ---              ---              ---              ---              3                  ---              ---              ---              ---              ---              3                  3                  6                  
604 KNOWLES ENGINEERING BUILDING 143              ---              ---              ---              ---              ---              ---              ---              ---              ---              143              ---              ---              ---              
613 MULLINS MEMORIAL CENTER 1,465           ---              ---              ---              1,465           ---              ---              ---              ---              ---              ---              ---              ---              ---              
613C 435              ---              ---              ---              435              ---              ---              ---              ---              ---              ---              ---              ---              ---              
614 CONTE POLYMER RESEARCH CENTER 677              ---              ---              ---              ---              ---              ---              ---              ---              ---              677              ---              ---              ---              
623 POLYMER CHILLED WATER PLANT 1,316           ---              ---              ---              1,316           ---              ---              ---              ---              ---              ---              ---              ---              ---              
623S 345              ---              ---              ---              345              ---              ---              ---              ---              ---              ---              ---              ---              ---              
651 ENGINEERING & COMPUTER SCIENCE CENTER I 255              ---              ---              ---              255              ---              ---              ---              ---              ---              ---              ---              ---              ---              
653 CENTRAL FACILITY 285              ---              285              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
655 ALFOND HALL 167              167              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
657 ENGINEERING LABORATORY II 399              ---              ---              ---              399              ---              ---              ---              ---              ---              ---              ---              ---              ---              
664 CENTRAL HEATING PLANT 487              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
FUTURE 13.8 KV SUBSTATION FEEDER ANALYSIS - TRANSFERRING
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 FUTURE SWITCHGEAR 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST WEST WEST FUTURE FUTURE EAST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/WF A1/B1 L/M FEED 1 FEED 2 E/F T1/T2 SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
670 NORTH A 627              ---              ---              ---              ---              ---              ---              ---              ---              627              ---              ---              ---              ---              
671 NORTH B
672 NORTH C
673 NORTH D
676 INTEGRATED SCIENCES BUILDING 678              ---              ---              ---              ---              ---              678              ---              ---              ---              ---              ---              ---              ---              
676C 2,176           ---              ---              ---              ---              ---              ---              ---              2,176           ---              ---              ---              ---              ---              
677 STUDIO ARTS BUILDING 158              158              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
678 RECREATION CENTER 539              ---              539              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
696 PARKS, GEORGE N. MINUTEMAN MARCHING BAND BUILDING 69                ---              ---              ---              ---              35                ---              ---              ---              ---              ---              35                35                69                
701 RESEARCH & EDUCATION GREENHOUSE 357              ---              ---              ---              ---              179              ---              ---              ---              ---              ---              179              179              357              
706 LINDEN HOUSE 91                ---              91                ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
707 OAK HOUSE 130              ---              130              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
708 ELM HOUSE 359              ---              359              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
709 MAPLE HOUSE 165              ---              165              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
710 BIRCH HOUSE 72                ---              72                ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
712 SYCAMORE HOUSE 204              ---              204              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
348 THOREAU HOUSE 1,669           ---              ---              ---              ---              ---              ---              1,669           ---              ---              ---              ---              ---              ---              
349 MELVILLE HOUSE
350 JAMES HOUSE
351 EMERSON HOUSE
357 HAMPSHIRE DINING HALL
379 MACKIMMIE HOUSE
0 SOFTBALL FIELD
0 STREETLIGHTS
0 GLADCHUK FIELDS
3 BAKER HOUSE 319              ---              ---              ---              ---              160              ---              ---              ---              ---              ---              160              160              319              
4 BROOKS HOUSE
5 BUTTERFIELD HOUSE
6 CHADBOURNE HOUSE
24 GREENOUGH HOUSE
74 APIARY LABORATORY
294 GORMAN HOUSE
579 RESEARCH ADMINISTRATION CENTER
 MCGUIRK STADIUM UPGRADE 200              ---              ---              ---              ---              ---              ---              200              ---              ---              ---              ---              ---              ---              
120 PAIGE LABORATORY (FULLY OCCUPIED) 458              ---              ---              ---              ---              229              ---              ---              ---              ---              ---              229              229              ---              
694 LIFE SCIENCE LAB (FIT OUT OF 75% PHASE 1) 2,552           ---              ---              ---              ---              ---              1,600           ---              952              ---              ---              ---              ---              ---              
704  INTEGRATIVE LEARNING CENTER (NCAB) 962              ---              ---              ---              ---              250              ---              ---              462              ---              ---              250              250              ---              
  VZW DAS - LOT 12 300              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C11 CHAMPIONS CENTER 326              ---              ---              ---              326              ---              ---              ---              ---              ---              ---              ---              ---              ---              
B-289 FURCOLO HALL (RENOVATION) ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
694 LIFE SCIENCE LAB (FIT OUT OF PHASE 1 AND 2) 1,730           ---              ---              1,730           ---              ---              ---              ---              630              ---              ---              ---              ---              ---              
C1 INTEGRATED DESIGN BUILDING 526              526              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C4 LIFE SCIENCES LABORATORY (DATA CENTER) 696              ---              ---              600              ---              ---              ---              ---              96                ---              ---              ---              ---              ---              
80 CHAPEL (FULLY OCCUPIED) 147              147              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C6 PHYSICAL SCIENCE BUILDING 1,614           ---              ---              ---              ---              ---              ---              ---              ---              1,614           ---              ---              ---              ---              
C5 SOUTH COLLEGE ACADEMIC FACILITY 414              414              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
B-37 HILLS HOUSE (DEMO) (100)               ---              ---              ---              ---              (50)                 ---              ---              ---              ---              ---              (50)                 (50)                 ---              
B-107 BARTLETT HALL (DEMO) (186)               ---              ---              ---              ---              (93)                 ---              ---              ---              ---              ---              (93)                 (93)                 ---              
C8 ISENBERG SCHOOL OF MANAGEMENT ADDITION 352              352              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
FUTURE 13.8 KV SUBSTATION FEEDER ANALYSIS - TRANSFERRING
UNIVERSITY OF MASSACHUSETTS, AMHERST
FEEDER NO. 1 FEEDER NO. 2 FEEDER NO. 3 FUTURE SWITCHGEAR 2.4 KV SUBSTATION
BUILDING BUILDING CONNECTED EAST WEST EAST WEST EAST WEST WEST WEST FUTURE FUTURE EAST WEST 2.4 KV
NO. NAME LOAD G/H FA/FB J/K FC/FD E/F WE/WF A1/B1 L/M FEED 1 FEED 2 E/F T1/T2 SUBSTATION
(KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW) (KW)
B-85 WORCESTER DINING HALL (RENOVATION) ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
B-382 HAMPDEN DINING HALL (RENOVATION) ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C26 CHP NEW TURBINE ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C2 SCHOOL OF PUBLIC HEALTH AND HEALTH SERVICES 1,134           ---              ---              ---              ---              ---              ---              ---              ---              1,134           ---              ---              ---              ---              
C3 UNIVERSITY HEALTH CENTER 534              ---              ---              ---              ---              ---              ---              534              ---              ---              ---              ---              ---              ---              
C7 ACADEMIC BUILDING AT EXISTING BARTLETT HALL 782              ---              782              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C13 CENTRAL PARKING STRUCTURE 300              ---              300              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
C47 ACADEMIC/STUDENT LIFE BUILDING 794              ---              794              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              ---              
TOTAL 45,926         4,386           5,068           2,330           4,813           3,721           4,087           4,758           4,315           4,170           4,399           3,721           3,721           6,771           
COINCIDENT PEAK LOAD 4,004           4,308           2,047           3,990           3,162           3,468           4,045           3,668           3,545           3,739           3,162           3,162           ---              
ESTIMATED FIRM CAPACITY (KW) 4,500           4,500           4,500           4,500           4,500           4,500           4,500           4,500           4,500           4,500           4,500           4,500           6,590           
AVAILABLE CAPACITY (KW) 496              192              2,453           510              1,338           1,032           455              832              955              761              1,338           1,338           6,590           
NOTES: 1.  FIRM CAPACITY FOR THE FEEDER BASED UPON A 0.90 POWER FACTOR AND 350 KCMIL (5,000 KVA)
2.  FRIM CAPACTIY OF THE 2.4 KV SUBSTATION BASED UPON THE FOLLOWING CAPACITIES:
TOTAL TOTAL FIRM
(KVA) (KW) (KW)
TRANSFORMER #1 FROM EAST SUBSTATION: 2,000             1,700             1,700             
TRANSFORMER #2 FROM EAST SUBSTATION: 2,000             1,700             1,700             
TRANSFORMER #1 FROM WEST SUBSTATION: 3,750             3,190             3,190             
TRANSFORMER #2 FROM WEST SUBSTATION: 3,750             3,190             -                 
TOTAL: 11,500           9,780             6,590             
FILE: H:\PROJ\114053A0\MP\CALC\4053-ELEC LOADS.XLSX RMF 26 SEP 2014
 5.7 CAPITAL COST SUMMARY 
  
UMASS PROJECT MARKUPS SUMMARY
UNIVERSITY OF MASSACHUSETTS AMHERST
Design Contingency Design Contingency 17%
Surface Interruption 15%
Direct Construction General Condition 15%
Generation Equip CM Fee 4%
Construction Manger Cont. 3%
General Liability 0.7%
Permits 1%
Bonds 0.9%
Indirect/Soft costs Design Fee 11%
Generation Equip Construction Admin 2%
Project Management 7%
Change Orders 5%
Direct Construction General condition 12%
Utility Distribution General Contractor Overhead 8%
Profit 4%
Safety 3%
General Liability 0.70%
Permits 1%
Bonds 0.90%
Indirect/Soft costs Design Fee 12%
Utility Distribution Construction Admin 2%
Project Management 5%
Change Orders 10%
FILE: P:\MD\14\114053A0\MP\CALC\4053-CAPITALCOSTS.XLSX RMF 9 FEB 2015
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 1
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 1
DESCRIPTION: NATURAL GAS FIRED BOILER (125,000 PPH)
UNIT CAPACITY: 125,000       PPH
DATE: 12/15/2014
DESCRIPTION COST (2014$)
125,000 PPH BOILER (200 PSIG) $ 30 per PPH 3,750,000$                      
MECHANICAL SYSTEMS (PIPING, BREECHING) $ 10 per PPH 1,250,000$                      
CONTROLS INTEGRATION LS 100,000$                         
START-UP AND COMMISSIONING $ 5 per PPH 625,000$                         
DESIGN CONTINGENCY 17% 973,000$                         
CONTRACTOR SUBTOTAL 6,698,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 1,005,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 308,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 240,000$                         
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 58,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 83,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 76,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 8,468,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 931,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 188,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 671,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 513,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 10,771,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 2
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 2
DESCRIPTION: 8 MW COMBUSTION TURBINE AND 100,000 PPH HRSG
UNIT CAPACITY: 8,000           MW
DATE: 12/15/2014
DESCRIPTION COST (2014$)
8 MW COMBUSTION TURBINE: $ 720 per kW 5,760,000$                      
100,000 PPH HRSG (600 PSIG): $ 48 per PPH 4,800,000$                      
GAS COMPRESSOR $ 150 per kW 1,200,000$                      
MECH. INSTALLATION $ 360 per kW 2,880,000$                      
CONTROLS LS 1,000,000$                      
ELECTRICAL $ 250 per kW 2,000,000$                      
START UP / CX $ 110 per kW 880,000$                         
DESIGN CONTINGENCY 17% 3,148,000$                      
CONTRACTOR SUBTOTAL 21,668,000$                    
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 3,250,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 997,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 777,000$                         
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 187,000$                         
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 269,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 244,000$                         
DIRECT CONSTRUCTION COSTS 26% mark-ups 27,392,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 11% 3,013,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 608,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 2,171,000$                      
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 1,659,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 34,843,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 3
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 3
DESCRIPTION: 10 MW COMBUSTION TURBINE AND 100,000 PPH HRSG
UNIT CAPACITY: 10,000         MW
DATE: 12/15/2014
DESCRIPTION COST (2014$)
8 MW COMBUSTION TURBINE: $ 720 per kW 7,200,000$                      
100,000 PPH HRSG (600 PSIG): $ 48 per PPH 4,800,000$                      
GAS COMPRESSOR $ 150 per kW 1,500,000$                      
MECH. INSTALLATION $ 360 per kW 3,600,000$                      
CONTROLS LS 1,000,000$                      
ELECTRICAL $ 250 per kW 2,500,000$                      
START UP / CX $ 110 per kW 1,100,000$                      
BUILDING COSTS LS 7,700,000$                      
DESIGN CONTINGENCY 17% 4,998,000$                      
CONTRACTOR SUBTOTAL 34,398,000$                    
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 5,160,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 1,582,000$                      
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 1,234,000$                      
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 297,000$                         
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 427,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 388,000$                         
DIRECT CONSTRUCTION COSTS 26% mark-ups 43,486,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 11% 4,783,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 965,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 3,446,000$                      
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 2,634,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 55,314,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 4
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 4
DESCRIPTION: 12 MW COMBUSTION TURBINE AND 100,000 PPH HRSG
UNIT CAPACITY: 12,000         MW
DATE: 12/15/2014
DESCRIPTION COST (2014$)
8 MW COMBUSTION TURBINE: $ 720 per kW 8,640,000$                      
100,000 PPH HRSG (600 PSIG): $ 48 per PPH 4,800,000$                      
GAS COMPRESSOR $ 150 per kW 1,800,000$                      
MECH. INSTALLATION $ 360 per kW 4,320,000$                      
CONTROLS LS 1,000,000$                      
ELECTRICAL $ 250 per kW 3,000,000$                      
START UP / CX $ 110 per kW 1,320,000$                      
BUILDING COSTS LS 7,700,000$                      
DESIGN CONTINGENCY 17% 5,539,000$                      
CONTRACTOR SUBTOTAL 38,119,000$                    
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 5,718,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 1,753,000$                      
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 1,368,000$                      
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 329,000$                         
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 473,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 430,000$                         
DIRECT CONSTRUCTION COSTS 26% mark-ups 48,190,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 11% 5,301,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 1,070,000$                      
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 3,819,000$                      
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 2,919,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 61,299,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 5
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 5
DESCRIPTION: BIOMASS BOILER (60,000 PPH) & 60,000 PPH NATURAL GAS BOILER
UNIT CAPACITY: 60,000         PPH BIOMASS
DATE: 12/15/2014
DESCRIPTION COST (2014$)
60,000 PPH BOILER (200 PSIG) $ 155 per PPH 9,300,000$                      
FUEL HANDLING BUILDING AND EQUIPMENT $ 79 per PPH 4,740,000$                      
BALANCE OF PLANT CONSTRUCTION $ 35 per PPH 2,100,000$                      
MECHANICAL INSTALLATION $ 10 per PPH 600,000$                         
CONTROLS LS 100,000$                         
START-UP AND COMMISSIONING $ 15 per PPH 900,000$                         
LS
DESIGN CONTINGENCY 17% 3,016,000$                      
CONTRACTOR SUBTOTAL 20,756,000$                    
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 3,113,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 955,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 745,000$                         
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 179,000$                         
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 257,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 234,000$                         
DIRECT CONSTRUCTION COSTS 26% mark-ups 26,239,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 11% 2,886,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 583,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 2,080,000$                      
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 1,589,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 33,377,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 6
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: 6
DESCRIPTION: BIOMASS BOILER (125,000 PPH)
UNIT CAPACITY: 100,000       PPH BIOMASS
DATE: 12/15/2014
DESCRIPTION COST (2014$)
60,000 PPH BOILER (200 PSIG) $ 155 per PPH 15,500,000$                    
FUEL HANDLING BUILDING AND EQUIPMENT $ 79 per PPH 7,900,000$                      
BALANCE OF PLANT CONSTRUCTION $ 35 per PPH 3,500,000$                      
CONTROLS LS 100,000$                         
START-UP AND COMMISSIONING $ 15 per PPH 1,500,000$                      
BUILDING COSTS LS 7,700,000$                      
DESIGN CONTINGENCY 17% 6,154,000$                      
CONTRACTOR SUBTOTAL 42,354,000$                    
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 6,353,000$                      
DIRECT CONSTRUCTION COST - CM FEE 4.0% 1,948,000$                      
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 1,520,000$                      
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 365,000$                         
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 525,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 478,000$                         
DIRECT CONSTRUCTION COSTS 26% mark-ups 53,543,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 11% 5,890,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 1,189,000$                      
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 4,244,000$                      
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 3,243,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 68,109,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 7
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: ALTERATIVE
DESCRIPTION: PREMIUM FOR ABSORPTION CHILLER VS. ELECTRIC CHILLER
UNIT CAPACITY: 2,500           TONS
DATE: 12/15/2014
DESCRIPTION COST (2014$)
2,500 TONS ABS. CHILLER VS ELEC. $ 105 per TON 263,000$                         
COOLING TOWER $ 100 per TON 250,000$                         
PUMPS $ 40 per TON 100,000$                         
MECH. INSTALLATION $ 100 per TON 250,000$                         
ELECTRIC (150)$            per TON (375,000)$                        
DESIGN CONTINGENCY 17% 83,000$                           
CONTRACTOR SUBTOTAL 571,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 86,000$                           
DIRECT CONSTRUCTION COST - CM FEE 4.0% 26,000$                           
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 20,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 5,000$                             
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 7,000$                             
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 6,000$                             
DIRECT CONSTRUCTION COSTS 26% mark-ups 721,000$                         
INDIRECT / SOFT COSTS DESIGN FEE 11% 79,000$                           
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 16,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 57,000$                           
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 44,000$                           
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 917,000$                         
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 8
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: ALTERATIVE
DESCRIPTION: PREMIUM FOR ADDITIONAL STEAM TURBINE
UNIT CAPACITY: 2,000           KW
DATE: 12/15/2014
DESCRIPTION COST (2014$)
2,000 HP STEAM TURBINE $ 600 per KW 1,200,000$                      
MECHANICAL INSTALLATION $ 100 per KW 200,000$                         
ELECTRIC UPGRADES $ 100 per KW 200,000$                         
DESIGN CONTINGENCY 17% 272,000$                         
CONTRACTOR SUBTOTAL 1,872,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 281,000$                         
DIRECT CONSTRUCTION COST - CM FEE 4.0% 86,000$                           
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 67,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 16,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 23,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 21,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 2,366,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 260,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 53,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 188,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 143,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 3,010,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 9
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: DISTRIBUTION
DESCRIPTION: STEAM DISTRIBUTION PIPING COSTS - REPLACEMENT (12-INCH)
UNIT CAPACITY: 8,200           LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
EXCAVATION & SHEETING/SHORING $ 150 per LF 1,230,000$                      
RESURFACE $ 30 per LF 246,000$                         
UTILITY RELOCATION $ 60 per LF 492,000$                         
STEAM & CONDENSATE PIPING $ 300 per LF 2,460,000$                      
FITTING/VALVES/ EXPN JOINTS $ 360 per LF 2,952,000$                      
DESIGN CONTINGENCY 17% 1,255,000$                      
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 1,295,000$                      
CONTRACTOR SUBTOTAL 9,930,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 1,192,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 890,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 480,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 375,000$                         
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 90,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 130,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 118,000$                         
DIRECT CONSTRUCTION COSTS 33% mark-ups 13,205,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 12% 1,585,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 296,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 754,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 1,584,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 17,424,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 10
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: HEATING SYSTEM
OPTION NO.: DISTRIBUTION
DESCRIPTION: STEAM DISTRIBUTION PIPING COSTS - LOOP SYSTEM (16-INCH)
UNIT CAPACITY: 3,700           LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
EXCAVATION & SHEETING/SHORING $ 150 per LF 555,000$                         
RESURFACE $ 30 per LF 111,000$                         
UTILITY RELOCATION $ 250 per LF 925,000$                         
MANHOLES $ 200 per LF 740,000$                         
STEAM & CONDENSATE PIPING $ 400 per LF 1,480,000$                      
FITTING/VALVES/ EXPN JOINTS 510 per LF 1,887,000$                      
DESIGN CONTINGENCY 17% 969,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 1,000,000$                      
CONTRACTOR SUBTOTAL 7,667,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 920,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 687,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 371,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 289,000$                         
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 70,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 100,000$                         
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 91,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 10,195,000$                    
INDIRECT / SOFT COSTS DESIGN FEE 12% 1,223,000$                      
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 228,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 582,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 1,223,000$                      
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 13,451,000$                    
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 11
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: W/C SYSTEM
DESCRIPTION: WATER COOLED CHILLER SYSTEM UNITARY COSTS
UNIT CAPACITY: 1                  TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 325$                                
COOLING TOWERS $ 145 per TON 145$                                
PUMPS AND PLANT PIPING $ 640 per TON 640$                                
PLANT ELECTRICAL $ 285 per TON 285$                                
DESIGN CONTINGENCY 17% 237$                                
CONTRACTOR SUBTOTAL 1,632$                             
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 245$                                
DIRECT CONSTRUCTION COST - CM FEE 4.0% 75$                                  
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 59$                                  
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 14$                                  
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 20$                                  
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 18$                                  
DIRECT CONSTRUCTION COSTS 26% mark-ups 2,063$                             
INDIRECT / SOFT COSTS DESIGN FEE 11% 227$                                
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 46$                                  
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 164$                                
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 125$                                
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 2,625$                             
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 12
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: A/C SYSTEM
DESCRIPTION: AIR COOLED CHILLER SYSTEM UNITARY COSTS
UNIT CAPACITY: 1                  TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
AIR COOLED CHILLER UNIT $ 325 per TON 325$                                
PUMPS AND PLANT PIPING $ 310 per TON 310$                                
PLANT ELECTRICAL $ 155 per TON 155$                                
DESIGN CONTINGENCY 17% 134$                                
CONTRACTOR SUBTOTAL 924$                                
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 139$                                
DIRECT CONSTRUCTION COST - CM FEE 4.0% 43$                                  
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 33$                                  
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 8$                                   
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 11$                                  
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 10$                                  
DIRECT CONSTRUCTION COSTS 26% mark-ups 1,168$                             
INDIRECT / SOFT COSTS DESIGN FEE 11% 128$                                
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 26$                                  
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 93$                                  
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 71$                                  
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 1,486$                             
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 13
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: DISTRIBUTION
DESCRIPTION: CHILLED WATER DISTRIBUTION PIPING FOR DISTRICT PLANT OPTION (16-INCH PIPING)
UNIT CAPACITY: 1                  LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
EXCAVATION & SHEETING/SHORING $ 110 per LF 110$                                
UTILITY RELOCATION $ 100 per LF 100$                                
RESURFACE $ 20 per LF 20$                                  
CHILLED WATER PIPING $ 460 per LF 460$                                
FITTINGS AND VALVES $ 550 per LF 550$                                
DESIGN CONTINGENCY 17% 211$                                
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 218$                                
CONTRACTOR SUBTOTAL 1,669$                             
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 200$                                
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 150$                                
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 81$                                  
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 63$                                  
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 15$                                  
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 22$                                  
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 20$                                  
DIRECT CONSTRUCTION COSTS 33% mark-ups 2,220$                             
INDIRECT / SOFT COSTS DESIGN FEE 12% 266$                                
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 50$                                  
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 127$                                
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 266$                                
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 2,929$                             
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 14
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: DISTRIBUTION
DESCRIPTION: CHILLED WATER DISTRIBUTION PIPING FOR CENTRAL PLANT OPTION (20-INCH PIPING)
UNIT CAPACITY: 1                  LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
EXCAVATION & SHEETING/SHORING $ 110 per LF 110$                                
UTILITY RELOCATION $ 100 per LF 100$                                
RESURFACE $ 20 per LF 20$                                  
CHILLED WATER PIPING $ 560 per LF 560$                                
FITTINGS AND VALVES $ 755 per LF 755$                                
DESIGN CONTINGENCY 17% 263$                                
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 271$                                
CONTRACTOR SUBTOTAL 2,079$                             
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 249$                                
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 186$                                
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 101$                                
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 78$                                  
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 19$                                  
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 27$                                  
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 25$                                  
DIRECT CONSTRUCTION COSTS 33% mark-ups 2,764$                             
INDIRECT / SOFT COSTS DESIGN FEE 12% 332$                                
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 62$                                  
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 158$                                
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 332$                                
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 3,648$                             
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 15
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR ISB CHW SYSTEM (2016)
UNIT CAPACITY: 1,500           TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 488,000$                         
COOLING TOWERS $ 145 per TON 218,000$                         
PUMPS AND PLANT PIPING $ 640 per TON 960,000$                         
PLANT ELECTRICAL $ 285 per TON 428,000$                         
CHW HEADER UPGRADE LS 250,000$                         
DESIGN CONTINGENCY 17% 398,000$                         
CONTRACTOR SUBTOTAL 2,742,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 411,000$                         
DIRECT CONSTRUCTION COST - CM FEE 4.0% 126,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 98,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 24,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 34,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 31,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 3,466,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 381,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 77,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 275,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 210,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 4,409,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 16
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR ISB CHW SYSTEM (2021)
UNIT CAPACITY: 1,200           LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
PIPING TO UNIVERSITY HEALTH, FRANKLIN, WORCHESTER, WHEELER $ 1,240 per LF 1,488,000$                      
DESIGN CONTINGENCY 17% 253,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 261,000$                         
CONTRACTOR SUBTOTAL 2,002,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 240,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 179,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 97,000$                           
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 76,000$                           
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 18,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 26,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 24,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 2,662,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 12% 319,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 60,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 152,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 319,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 3,512,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 17
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR LIBRARY SYSTEM - GENERATION (2016)
UNIT CAPACITY: 1,500           TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 488,000$                         
COOLING TOWERS $ 145 per TON 218,000$                         
PUMPS AND PLANT PIPING $ 640 per TON 960,000$                         
PLANT ELECTRICAL $ 285 per TON 428,000$                         
DESIGN CONTINGENCY 17% 356,000$                         
CONTRACTOR SUBTOTAL 2,450,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 368,000$                         
DIRECT CONSTRUCTION COST - CM FEE 4.0% 113,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 88,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 21,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 30,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 28,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 3,098,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 341,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 69,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 246,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 188,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 3,942,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 18
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR LIBRARY SYSTEM - DISTRIBUTION (2016)
UNIT CAPACITY: 510              LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
CHAPEL PIPING (200 LF) $ 1,240 per LF 248,000$                         
SOUTH COLLEGE (120 LF) $ 1,240 per LF 149,000$                         
THOMPSON (140 LF) $ 1,240 per LF 174,000$                         
MACHMER (50 LF) $ 1,240 per LF 62,000$                           
DESIGN CONTINGENCY 17% 108,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 111,000$                         
CONTRACTOR SUBTOTAL 852,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 102,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 76,000$                           
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 41,000$                           
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 32,000$                           
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 8,000$                             
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 11,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 10,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 1,132,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 12% 136,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 25,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 65,000$                           
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 136,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 1,494,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 19
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR HONORS SYSTEM - GENERATION (2018)
UNIT CAPACITY: 600              TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 195,000$                         
COOLING TOWERS $ 145 per TON 87,000$                           
PUMPS AND PLANT PIPING $ 640 per TON 384,000$                         
PLANT ELECTRICAL $ 285 per TON 171,000$                         
DESIGN CONTINGENCY 17% 142,000$                         
CONTRACTOR SUBTOTAL 979,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 147,000$                         
DIRECT CONSTRUCTION COST - CM FEE 4.0% 45,000$                           
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 35,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 8,000$                             
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 12,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 11,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 1,237,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 136,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 27,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 98,000$                           
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 75,000$                           
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 1,573,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 20
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR HONORS SYSTEM - DISTRIBUTION (2018)
UNIT CAPACITY: 510              LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
NEW BARTLETT PIPING (100 LF) $ 1,240 per LF 124,000$                         
GOODELL (300 LF) $ 1,240 per LF 372,000$                         
RECREATION CENTER (300 LF) $ 1,240 per LF 372,000$                         
DESIGN CONTINGENCY 17% 148,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 152,000$                         
CONTRACTOR SUBTOTAL 1,168,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 140,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 105,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 57,000$                           
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 44,000$                           
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 11,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 15,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 14,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 1,554,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 12% 186,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 35,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 89,000$                           
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 186,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 2,050,000$                      
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UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR WHITMORE SYSTEM (2018)
UNIT CAPACITY: 1,200           LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
ISENBERG SCHOOL (500 LF) $ 1,240 per LF 620,000$                         
MAHAR AUDITORIUM (700 LF) $ 1,240 per LF 868,000$                         
DESIGN CONTINGENCY 17% 253,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 261,000$                         
CONTRACTOR SUBTOTAL 2,002,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 240,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 179,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 97,000$                           
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 76,000$                           
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 18,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 26,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 24,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 2,662,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 12% 319,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 60,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 152,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 319,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 3,512,000$                      
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UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR POLYMER SYSTEM - GENERATION (2022)
UNIT CAPACITY: 3,800           TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 1,235,000$                      
COOLING TOWERS $ 145 per TON 551,000$                         
PUMPS AND PLANT PIPING $ 640 per TON 2,432,000$                      
PLANT ELECTRICAL $ 285 per TON 1,083,000$                      
DESIGN CONTINGENCY 17% 901,000$                         
CONTRACTOR SUBTOTAL 6,202,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 930,000$                         
DIRECT CONSTRUCTION COST - CM FEE 4.0% 285,000$                         
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 223,000$                         
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 53,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 77,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 70,000$                           
DIRECT CONSTRUCTION COSTS 26% mark-ups 7,840,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 11% 862,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 174,000$                         
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 621,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 475,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 9,972,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 23
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR POLYMER SYSTEM - DISTRIBUTION (>2022)
UNIT CAPACITY: 1,400           LF
DATE: 12/15/2014
DESCRIPTION COST (2014$)
MARSTON HALL (1,625 LF) $ 1,240 per LF 1,736,000$                      
PAIGE LABORATORY
GUNNESS LABORATORY
DRAPER HALL
DRAPER HALL ANNEX
ENGINEERING SHOPS BUILDING
DUDA BUILDING
BOWDITCH HALL
HOLDSWORTH HALL
STOCKBRIDGE HALL
FLINT LABORATORY
CHENOWETH LABORATORY ADDITION
WEST EXPERIMENT STATION
DESIGN CONTINGENCY 17% 295,000$                         
SURFACE INTERRUPTIONS (PAVEMENT REPLACEMENT, DRAINAGE,…) 15% 305,000$                         
CONTRACTOR SUBTOTAL 2,336,000$                      
DIRECT CONSTRUCTION COST - GENERAL CONDITION 12.0% 280,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR OVERHEAD 8.0% 209,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR PROFIT 4.0% 113,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONTRACTOR SAFETY 3.0% 88,000$                           
DIRECT CONSTRUCTION COST - GENERAL LIABILITY INSURANCE 0.7% 21,000$                           
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 30,000$                           
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 28,000$                           
DIRECT CONSTRUCTION COSTS 33% mark-ups 3,105,000$                      
INDIRECT / SOFT COSTS DESIGN FEE 12% 373,000$                         
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 70,000$                           
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 5% 177,000$                         
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 10% 373,000$                         
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 32% soft costs 4,098,000$                      
PROJECT COST ESTIMATE FOR ENERGY MASTER PLAN PAGE 24
UNIVERSITY OF MASSACHUSETTS, AMHERST
ANALYSIS: COOLING SYSTEM
OPTION NO.: ---
DESCRIPTION: RECOMMENDED APPROACH FOR BERKSHIRE SYSTEM - GENERATION (2017)
UNIT CAPACITY: 200              TON
DATE: 12/15/2014
DESCRIPTION COST (2014$)
WATER COOLING CHILLERS $ 325 per TON 65,000$                           
COOLING TOWERS $ 145 per TON 29,000$                           
PUMPS AND PLANT PIPING $ 640 per TON 128,000$                         
PLANT ELECTRICAL $ 285 per TON 57,000$                           
DESIGN CONTINGENCY 17% 47,000$                           
CONTRACTOR SUBTOTAL 326,000$                         
DIRECT CONSTRUCTION COST - GENERAL CONDITION 15.0% 49,000$                           
DIRECT CONSTRUCTION COST - CM FEE 4.0% 15,000$                           
DIRECT CONSTRUCTION COST- CM CONTINGENCY 3.0% 12,000$                           
DIRECT CONSTRUCTION COST - LIABILITY INSURANCE 0.7% 3,000$                             
DIRECT CONSTRUCTION COSTS - PERMITS 1.0% 4,000$                             
DIRECT CONSTRUCTION COSTS - BONDS 0.9% 4,000$                             
DIRECT CONSTRUCTION COSTS 27% mark-ups 413,000$                         
INDIRECT / SOFT COSTS DESIGN FEE 11% 45,000$                           
INDIRECT / SOFT COSTS CONSTRUCTION ADMINISTRATION FEE 2% 9,000$                             
INDIRECT / SOFT COSTS PROJECT MANAGEMENT 7% 33,000$                           
INDIRECT SOFT COSTS CHANGE ORDER CONTINGENCY 5% 25,000$                           
-$                                
ESCALATION (From project start to mid-point) 0% -$                                
PROJECT COSTS 27% soft costs 525,000$                         
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No. Type Personnel Comment Action
1 Format Meeting
Implementation is spread throughout report.  It should be a separate 
implementation section with priorities listed.  Could include  a process 
narrative, that discusses intent, philosophy of how to operate the whole 
system.  What is the road map that comes out of this plan?
Implementation Plan will be 
developed
2 Meeting Make sure we differentiate between the 10 yr. plan and 50 year plans Will update
3 Meeting Would it be possible to include a timeline with projects, alternatives and implications. Will update
4 John Mathews
We need a 10-year implementation plan description, identifying the inter-
connectedness of the various system, and how they would need to be 
phased to support each other. It would be helpful to include an 
implementation schedule that we can assist on (time frame for planning, 
financing, UMA and UMBA Board of Trustees/President’s office approvals, 
permitting, design, and construction).
Will update
5 John Mathews
Figure 3-14: AND ALL FIGURES: the Integrated Learning Center is in 
operation and is a connected load. If it does not figure in the analysis as a 
“current” load, can you be explicit regarding this in the Exec Summary?
Will include ILC as future building, 
but will update text to identify it was 
operational prior
6 Sandy Beauregard
Can the recommendations also be laid out in some kind of timeline showing 
when things need to be done relative to the future growth of the campus?
Will be part of the implementation 
plan
7 Sandy Beauregard
It is difficult to find specific sections of the report. Can the final draft have 
more tabs or some other tool to help navigate to the next level of 
subdivision?
More tabs will be added
8 Sandy Beauregard
Can they add a list of tables and figures (and some way to locate them in the 
report) after the table of contents?
Will include a list of figures and 
tables in the table of contents
9 Ted Mendoza Add "Pros of District Cooling Approach:" Page 4-27 Will update
10 Greenhouse Gas
Ludmilla 
Pavlova-
Gillham
In executive Summary there is no GHG reductions goals as set forth by State 
Executive Order 484, these need to be there to discuss how we stay within 
our GHG goals with all the new buildings coming on line?  Need to know if 
our current plan will get us there, and if not, how much extra will it cost.  
Looking for something that we can give to designers of new buildings so they 
can design accordingly
Will be included in Implemenation 
Plan Section
11
Ludmilla 
Pavlova-
Gillham
What recommendations do the consultants have for meeting the goals of 
Executive Order 484, particularly the development of renewable energy and 
GHG emission reductions? see comment above
12 Sandy Beauregard
My main point of concern with the Master Plan is similar to Ludmilla's. I 
would like to see a firm number associated with our carbon reduction goals, 
where exactly their plan gets us relative to that goal, and what we would need 
to do to actually meet our targets.
see comment above
13 Jason Burbank
Finally, concerning our campus’ climate action goals, could we have an 
outline of what combination of initiatives it might take to achieve our carbon 
reduction goals.  What percentage of renewable fuels for the CHP for 
example, biodiesel, bio derived gas, biomass,  along with deep energy 
retrofits of campus buildings and more conventional renewables would get us 
to meet those targets.  We’ve not yet developed any realistic plan, and 
perhaps it is not particularly feasible, but I think it would be most valuable to 
understand realistically the paths we’d need to follow in pursuit of those goals
see comment above
14
Ludmilla 
Pavlova-
Gillham
What are possible utility procurement and financing paths that support the 
development of renewable energy over the long term, even if we do not 
immediately benefit from GHG reductions?
Will include discussion from CES
15 Ezra Small
Figure 1.2 Annual CO2 emission comparison: The Co2 emmitted x axis has 
total CO2 emissions, however they are plotting LBS CO2/GSF.  It would be 
more helpful to see the data points with TOTAL CO2.  Also, I think it would 
be a helpful exercise to show in addition to the Building Energy Reduction 
dotted line wedge to also show potential savings from other mitigation 
strategies such as renewable energy.  What we essentially need is an 
analysis that starts to put numbers to our carbon mitigation strategies which 
we have already conceptualized in the Climate Action Plan.  We need to 
analyze where we need to be with total campus emissions by 2020 to reach 
EO484 goals and how each strategy (every technology that is analyzed in 
this study) will help us or won’t help us get there.
There is a large discussion on the 
CO2 and sustainablity added to the 
report.
Reviewer(s): various
Action Legend:  C = Concur  D = Let's discuss  E = Exception (see comment) X = Delete Comment
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REVIEW COMMENTS:   UMASS COMPREHENSIVE CAMPUS ENERGY PLAN
No. Type Personnel Comment Action
16 Greenhouse Gas (cont.)
Raymond 
Jackson
One item that I have thought of is that I hear a lot of comments now about 
possibly pursuing a biomass gasification boiler at the CHP instead of a 8 MW 
gas turbine. Can we have RMF calculate the greenhouse gas emission 
impact from either of these options? If they can then maybe they should 
include a standard package boiler that fires on natural gas & oil in this 
analysis.
will add discussion on CO2 for 
Combustion turbine to Biomass to 
Natural gas boiler
17 Sandy Beauregard
how are increasingly stringent building code and energy code requirements 
factored into the estimates for future load growth? what would the energy 
performance of our future buildings need to look like to help meet our 
energy/carbon reduction goals? what would be the costs associated with the 
level of energy performance needed?
Will identify costs for reducing energy 
beyond the 10% referenced in Master 
Plan
18 Sandy Beauregard
From the graphs in the Executive Summary, it looks like we can grow by 15% 
(Phase 1 through 2022) while having no (or little) growth in our energy use 
and carbon emissions if we implement all of the energy efficiency/alternative 
energy/etc. projects. Is that right? What are those numbers (not 
percentages)? Put another way, this means that we can only offset our 
planned growth by implementing these projects. What language is best used 
to communicate this and send the message we want the administration to 
hear?
Will update
19 Ezra Small
4.3.3.1 Carbon Reduction Analysis: The units used in this section are all 
different and it doesn’t make any sense.  
I think that the “carbon emissions for the electric power generated by the 
cogen systems” should be the same unit as the “WMECO” emissions unit.  
They use lb/MWh for WMECO and then in the next paragraph they use 
lbs/kwh for the electric power generated.  I think they should either BOTH be 
lb/MWh or lb/kwh.
Will provide the emissions factor for a 
cogeneration unit in lbs/mwh.  
However, a discussion is required to 
identify the true emission of the 
WMECO.
20 Energy Meeting
Would like more discussion about the implications of the new electrical 
substation at Tilson Farm, how that could change purchase of power and 
how it moves around campus.
Discussion to come from CES
21
Ludmilla 
Pavlova-
Gillham
What is the unitary cost of steam/ MMBtu?  In the section discussing 
geothermal energy they state that its cost/MMBtu is greater than that for 
steam, but by how much? 
Will provide
22 Sandy Beauregard
I may have missed it, but is there a table that summarizes the unitary cost of 
energy for all of the options considered and the carbon cost for each? 
something that would allow us to easily compare all of the options?
Unitary cost for energy is 
summarized in Division No. 2, but will 
add carbon cost discussion
23 Sandy Beauregard
Honestly, it seems downright depressing that building energy conservation 
can only save 8%. Is that really all we can do?
The cost for larger reduction will be 
identified in Final Submission
24 Ted Mendoza
Table 2-2: Is it typical for E rate to have hi/lo rates in consecutive months? Is 
there a typical time e of year when Hi/lo should occur?
The electric costs are based on the 
electric market and will have hi and lo 
rates.  These will change within a day 
and no it won't occur at a typical time.
25 Jason Burbank
Purchased electrical costs:  It seems most analyses in this study use 
average electrical costs, when in fact our marginal purchased cost can vary 
drastically depending on time of day, whether we are within our pre-
purchased blocks of power, or selling back unused blocks, or whether we are 
purchasing power indexed to wholesale prices.  For the times of the year 
when we are generating all our own power the real time cost is quite low.  
There are certainly times off peak when wholesale power is even cheaper 
(and perhaps with less environmental impact) than our own generated power.  
I would suggest that our costs and carbon footprint could be reduced if we 
were to take advantage of the cheapest and cleanest grid power at these 
times by reducing our own generation.  Certainly there are risk/benefit 
tradeoffs in bulk power purchasing, but more information about our present 
electrical procurement choices and options could benefit our energy systems 
choices into the future.  Some analysis of this would be most valuable.
This discussion will be generated by 
CES
26 Renewables/ Solar Meeting
Off site utility generation?  PPA’s?  Did not address energy procurement, 
needed  so that we can better understand the cogeneration schemes and 
other alternatives.  For instance, thermal storage could make sense under 
some scenarios.  Procurement of renewables to mitigate risk.   (Is this 
something RMF could develop in cooperation with CES?)
This discussion will be generated by 
CES
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27 Renewables/ Solar (Cont.)
John 
Mathews
4.6.1: the cost for PV arrays canopied over parking lots is roughly 50% more 
expensive than PV arrays on roof tops. In the South and West coast where 
parking lot pavements add to the heat island effect, and in urban areas, 
parking lot PV canopies may make sense. With our New England climate 
and suburban/rural area it makes little sense. Couldn’t we reduce first costs 
and shorten payback periods if we target roof top units that are more simply 
supported off the roof structure? Installing PV on frames in fields may make 
some sense in certain cases, but again, you are far from the electrical 
system, can’t take advantage of local loads or feeders, and probably have 
higher costs for power distribution and structural support. So, I have to ask, 
what about a building survey to identify potential PV installations on large flat 
roofs?
The solar study did identify certain 
buildings to have them located on the 
roof.  This would not be excluded and 
will be identified in the Final 
Submission.
28 Ezra Small
4.6.1 Solar PV Analysis: The solar plan includes both parking lot solar 
potential and roof mounted potential on some of the buildings on campus.  It 
was not a comprehensive study and was never officially adopted as a final 
document by A&F administration.  The roof analysis potential was not 
included in this chapter for some reason, even though it was significantly less 
than the parking lot canopy potential.  Also, the Taylor Field project was cited 
as a potential project but the Hadley Farm project wasn’t?
This chapter should say that there are many opportunities on the core of the 
campus, on other UMass owned properties across the Commonwealth, and 
OFF campus on other lands that should all be considered.
Will update
29 Raymond Jackson
That we are highly considering going out with an RFP for on campus solar 
PV (parking lots & roofs) totaling about 8 MW. Will Update
30 Sandy Beauregard
I would like to see more analysis of our energy procurement options--can we 
procure off-site renewable energy? can we participate in the day-ahead 
market and how would we benefit? how does our electricity procurement and 
pricing affect the cost/benefit of running steam absorbers? 
This will be developed by CES
31 Ezra Small
1.4.2 Future Chilled Water Analysis:“Currently there is not economic 
justification for thermal storage”  What about environmental justification?  
Given the economic numbers provided in this case in section 4:69 (Snow 
Storage Facility) tells us that this is not economically feasible based on a 
simple calculation not taking into account life cycle costs or emissions 
reductions.  Again, the Bottom Line dominates this study, but we need a 
triple bottom line analysis.  Will absorption chillers be more expensive to run 
in the summer months 10, 20, 30 years from now?  Will fossil fuel commodity 
prices increase to the point that we need contingency technology in place?  If 
so, we need to consider this technology now and not write it off so easily just 
because it doesn’t make economic sense now.  Other campuses like Drexel 
University have successfully installed ice storage facilities on their campuses 
and has saved $.
Will include a section discussing 
carbon.
32 Ezra Small
4.4.4.2 Thermal Storage
Is this ice storage technology the same recommendation that is mentioned in 
4:69 (snow storage facility) or is it different technology?
Two different technologies.  Ice 
storage is generated by a chiller and 
dispatched at high electric rate 
conditions. The ice is generated daily. 
This is common technology.
 While the snow storage facility is 
storage vessel for snow fall and will 
be deplinshed within weeks of the 
final snow fall.  No chiller operation 
required. This is not commonly used
33 Ezra Small
1.7 Alternative Energy Projects:First paragraph says that alternative energy 
projects support energy conservation and sustainable design principles.   I 
think this is pretty weak and actually quite misdirected.  What it should say is 
that “the university is continuously considering alternative energy projects to 
support GHG emission reductions, increase low carbon energy technology 
systems on campus, and support load reduction.”  Or something like that. 
Last paragraph says that the AD system are not recommended at this time.  
If so, then why are we pursuing it right now?
Will update
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34 Biomass John Mathews
Biomass: Wood burning could reduce CO2 emissions, but UMass needs to 
be cautious in terms of facility siting, and operation and maintenance of a 
biomass facility. Our plant is not dispatchable, but must run, and any addition 
to the CHP must have similar reliability and availability, and assured output, 
as the natural gas/fuel oil package boilers it currently has. With plant 
operations and maintenance always under pressure to reduce cost in a State 
system, UMass must have a combustion facility that does not require 
additional expenses to operate, particularly in the peak winter heating season 
with unreliable fuel sources, frozen material handling systems, and varying 
fuel quality, particularly in terms of BTU’s and moisture. 
The additional site area required for storage of Biomass, for the MW addition 
it represents, takes up valuable site space that would be needed in the future 
for expansion of the CHP to meet the needs of the 50-year Campus Master 
Plan. This option is not efficient in terms of capacity vs. cost, space needs, 
consistent and available fuel quality, effect on O&M operations, output, and is 
not preferred from this Reviewer’s perspective.
Will update text to reflect comments
35 Sandy Beauregard
I haven't actually seen the Biomass study done by Jacobs that they reference 
on page 4-12, but they state the study "recommended the installation of a 
gasification system with a maximum steam capacity of 60,000 pph." Can 
RMF give just a tiny bit more information on why this is recommended? Is 
60,000 pph the maximum that could be supported by available biomass? Is it 
a space issue? Can we possibly have a larger biomass system? Outside the 
scope of finding something that would fit in the existing bay, would it make 
sense to remotely locate a biomass system? Can we get a combustion 
turbine capable of burning gasified biomass (at least a multi-fuel turbine)?
60,000 pph unit is physically the 
largest capacity to be installed within 
the existing foot print. Larger units 
can be evaluated, but will require a 
new building addition.
36 Sandy Beauregard
Assuming biomass will continue to be considered carbon neutral, what are 
the carbon savings impacts of installing a biomass system? If biomass were 
to stop being considered carbon neutral, what would the carbon implications 
be? How does that compare to fossil fuels? Maybe this part is beyond the 
scope and I just need to read the biomass study, but if we had a biomass 
gasification system instead of burning solid biomass fuels, couldn't it be 
converted to burn fossil fuels in the future if for some reason that became 
advantageous?
Will identify carbon savings for a 
biomass boiler
37 Ezra Small
4.3.2.3 Option No. 3 Add a Biomass Boiler System: There needs to be a 
more in depth analysis of the feasibility of biomass as a potential option for 
UMA.  All factors need to be considered, such as available local sources, 
social and political conflicts, etc.  First paragraph says “without a local 
sustained source, biogas options were not considered for the UMass central 
heating system.”  The findings of Professor Paul Barten’s study (see 
attached) says otherwise: 
Barten, P.K. and W.R. Van Doren.  2012. Wood Availability for UMass 
Amherst Central Heating Plant Fuel Oil Replacement Project.  Dept. of 
Environ. Conservation, University of Massachusetts Amherst, 61 pages.  
Attached.
His study estimates the annual fuel demand of the proposed UMass biomass 
gasification boiler is 41,000 dry tons per year and that through 2050, upwards 
of over 426,000 (10x times our annual supply and 10% CHP demand) would 
be available through a sustainable biomass harvest.  These numbers may 
need updating since it’s been 2 years since this study and Paul may not have 
factored in all anticipated campus growth.  I suggest that this study be 
examined by the RMF and CES and incorporated into the master plan 
analysis.
Will include results from study to the 
master plan
38 Digester Meeting
Anaerobic Digester push is result of upcoming regulations for disposal of 
food wastes.  While it may not be cost effective, there are other drivers 
(value) for it.
Will update
39 John Mathews
4.6.4: I understand that the anaerobic digester is not a preferred alternative 
energy option, and is omitted from Table 4-24. But, I understand that the 
campus may still develop the facility, because of Solid Waste Regulations 
and a push by the State to site one in Amherst. 
This is really a question for Plant and F&CS, do we want to refer to this in the 
text, that though the digester is not a preferred energy option, it is a solution 
to a solid waste issue, and therefore carry the cost for the project in the 
capital plan and on Table 4-24. 
Will rewrite section to identify the 
Anaerobic digester will help with co2 
reduction and other Massachusetts 
State mandate requirements
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40 Digester (cont.)
Raymond 
Jackson
That we are highly considering an Anaerobic Digestion Facility – as per the 
attached report. see comment 39
41 Sandy Beauregard
I think everyone else pointed it out, but the commercial food waste 
regulations in Massachusetts require us to do something different with all the 
food waste on campus. How does that affect their discussion of anaerobic 
digestion?
see comment 39
42 Ezra Small
4.6.4 Installation of an Anaerobic Digester: This entire section is flawed 
because it suggests that it would cost $34 million, but it was never the 
intention that UMass would PAY for or OWN this project.  The plan with 
DCAMM and DEP is to do a PPA and have an external developer build and 
manage the facility at no to little cost to the university while benefiting from 
the energy output of the facility.  The feasibility of the AD should not be 
based on cost, it should be based on physical space available in that 
proposed project area, social and political factors, interconnections with the 
WWTP and the availability and transportation of organic material from 
surrounding communities and on campus.
Will update text to identify the want 
as a PPA
43 Absorption Meeting
Need to clarify scenario for providing steam to absorption chillers in terms of 
efficiency and GHG emissions.  Better descriptions of alternatives and 
explanation of assumptions behind them.
will update
44 Ted Mendoza What is the current gap for absorption chillers no gap currently
45 Ted Mendoza
How can we get to 5,000 tons of absorption chillers (write up seems to 
indicate we are already there…)
You currently have more than 5,000 
tons of absorption chiller capacity
46 Jason Burbank
Page 1-5: First paragraph:  The term “optimize” can be applied to our various 
and different campus goals.  When WMECO feeds are unreliable,  optimize 
could be  applied to reliability and we would want to generate every kw we 
possibly can, reduce electrical demand, and run all absorption chillers.   For 
sustainability, (cost or carbon footprint metric), we would very rarely use any 
absorption cooling.  For maintainability, perhaps the same, since absorbers 
have a significant maintenance premium.  Certainly steam driven chilling 
facilitates cogeneration, but optimizing that function is not the same as 
maximizing it. I would suggest the additional cost of absorption cooling during 
three summer months amounts to $220,000 along with a noticeable carbon 
penalty. This includes the steam turbine generation credit.  Hopefully the 
reliability component of this marginal cogeneration benefit is accomplished 
with our future transmission line electrical supply. I’d like to see our executive 
summary be clear on these distinctions.
The CHP as constructed had significant difficulties in following the actual 
campus steam load in its optimal configuration of gas turbine/HRSG steam 
generation.  The duct burners, all four in a bunch, could not turn down below 
50% without emissions troubles.  Splitting the four burners into two groups 
has helped greatly, Now the need to run inefficient absorption cooling to keep 
the power plant in emissions compliance is greatly reduced.   Further 
improvements are possible here if needed to allow stable tracking of lower 
campus steam loads.  Out steam turbines will tend to overheat at low flows, 
so they are a component of CHP stability at low steam output, but they are a 
lesser fraction of our cogeneration output.
This is all to argue for a plan which dispatches steam chilling only when cost 
or energy effective, once we have met our reliability concerns.
Will provide a more detailed write 
upon the use of absorption chillers
47 Jason Burbank
Table 4-17:  Concerning the description of chiller performance,  if we are 
basing our decisions on seasonal performance of the various machines, I 
would suggest that since most of our electrical chillers are variable speed 
centrifugal, their seasonal performance is more closely described by their 
IPLV ratings rather than full load ratings.  Thus the .6 kw/ton full load 
performance would be below .4 kw/ton on a seasonal basis.  Steam chillers I 
have not seen much benefit from condenser water temperature relief.  On the 
contrary, with the inevitable vacuum leaks or intake of other 
noncondensibles, absorption chiller output performance deteriorates 
markedly while they still happily use their design steam quota.
See comment 46
48 Capital Costs Meeting
Would like summary of capital cost tables (Total Project Costs) by system, 
would like to see construction cost assumptions.  Looking for back up detail 
in CSI format with direct construction costs and indirect costs.
Will include backup and 
assumptions.  Capital cost are based 
upon unitary costs only ($/ton, $/pph, 
$/kw, and #/LF)
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49
Capital 
Costs 
(Cont.)
John 
Mathews
Table No. 1-2: RMF needs to provide the back-up to their cost estimates for 
each proposed project. We need to verify that these are full, built-up costs 
including both direct and indirect construction costs, compliant with Ch. 7/30 
and 149, include prevailing wages, adjusted for the Massachusetts market, 
etc., and with the usual contingencies that we allow. What was the escalation 
factor (we are currently carrying 7.5% for the next two years), and are these 
factors consistent with what we are using on other capital projects? We 
would like to drill down into these cost assumptions to ensure ourselves that 
we have a reasonable total project cost estimate.
There should be a section of the report that addresses how the capital cost 
estimates were generated, assumptions, and some level of detailed estimate 
provided in the appendices. The summary could be included in Section 2 for 
instance. 
Will include in the appendix and on 
the tables
50 John Mathews
Table 4-3: The capital cost/first time costs for these facilities, steam lines, 
and building need to be reviewed by the University. See earlier comments 
regarding review of direct and indirect construction costs.
Will include a table summarizing the 
capital costs and timing.
51 Steam John Mathews
Describe how the 100,000 #/hr of steam is generated in the assumptions: we 
are assuming that it is future case, with the 8 MW cogen in operation, and 
that it represents the output of the two heat recovery steam generators at full 
load operation: including the 10 mw and 8 mw gas turbines, without duct 
firing. Is this correct?
This is for turbine stablility
52 John Mathews
The new, 8 mw cogen option is shown with a 125,000 #/hr HRSG. This 
output seems high for this gas turbine. Please elaborate. The current 10 mw 
cogen has only a 100,000 #/hr HRSG. What is the unfired duct output? Can 
they include a catalogue cut sheet of the design basis for the 8 mw option 
with 125,000 Lb/hr steam HRSG?
Will verfiy the hrsg capacity for both 
high pressure (600#) and medium 
Pressure (200#) for a 8.0 MW 
combustion turbine. 
53 John Mathews
Should we think about adding additional back pressure steam turbine 
capacity when we add the 8 mw gas turbine/HRSG? Right now, this is not 
included in the cost estimate for the Cogen. I note that we can take the 
steam, but would need to wheel the power at certain times. Our studies of 
this during design of the CHP indicated that we could call into question the 
tax exempt status of the bonds used to build the facility, unless it was 
wheeled to other non-profits. Could be financed separately, but is there floor 
space? 
Will identify if there is floor space for 
both the combustion turbine and back 
pressure turbine.  Will include the 
energy savings in analysis
54 John Mathews
4.3.2.2: any stack configuration that is selected must come out of the boiler 
hall directly into the notch in the roof above the mezzanine, and parallel the 
other flues up and into the stack structure, in the spaces left for this flue in 
the notch and the stack. I agree with the linear option, it provides ample 
equipment maintenance and tear-down space beside the units, is more 
efficient without losses, and fits within our initial plant concept. Can you just 
confirm that the 8 mw options actually produces 125,000 Lb/hr steam.
See comment 52
55 Ezra Small
1.3.2 Future Steam System: RMF/CES is essentially saying here that there 
are 3 options on the table, a packaged steam boiler (NG and Oil), Expanding 
CoGen System (NG and Oil), and a Biomass Boiler.  They say option #2 
“provides the greatest economic advantage” regardless of the pipeline 
happening or not.  The 25 year cost savings are $4.6 million with the current 
NG limits and $13.4 without NG limits in the future.  Shouldn’t these numbers 
be the other way around?  Wouldn’t limits on NG drive the commodity prices 
up and therefore reduce the cost savings for UMA?  Am I misunderstanding 
this?
The limit one natural gas requires the 
University to then burn a more 
expensive fuel and reducing the 
amount of savings from the electric 
generated.
56 Ezra Small
Also, they compared these savings to the “packaged boiler option” but why 
not NOT biomass.  I think a comparison needs to happen for all three 
options.  AND, that comparison needs to be not only for economic 
advantage, but also lifetime, life cycle carbon emissions, and exported 
energy costs on local communities and environment.  Even if this is 
mentioned in section 4, it should also be mentioned here in the Exec. 
Summary, but only if that analysis is TRULY happening.
We will include in the discussion in 
the executive summary
57 John Mathews
4.7: the text states that “the increase the back-pressure steam capacity 
would support campus load”. This implies that we would increase back 
pressure steam turbine generation capacity, but nowhere in the report is it 
suggested that we add BPST capacity. Just to clarify, are you referring to an 
increased utilization factor of existing BPST’s? And then, only the low 
pressure BPST, as the new  HRSG would only be 200 pounds
That is correct the utilization will be 
increase for the back pressure 
turbine only.
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58 Questions Jason Burbank
Page 1-1
  Reference to “distribution losses”.  Are these aggregate of steam and 
electric?  Steam dist losses are described as 15% later.
  “process loads”  - could we elaborate on what these are?
  “plant losses” – again, a little elaboration could be helpful.  Mostly stack 
losses?
Will update text and elaborate
59 Ted Mendoza Wheeler House? For cooling Still added to the cooling list
60 Jason Burbank
Page 1-2: $0.05/kwh generated cost:  Could you double check this for us with 
perhaps average fuel costs and the amortized maintenance contract?
this cost is for energy only and does 
not include the amortized 
maintenance contract.
61 Jason Burbank
Page 1-2: LNG pricing:  This representation indicates there had been 
precious little savings over oil.  Is that accurate and expected to be the case 
into the future?
The current costs for LNG is 
~$14.00/mmbtu compared to the 
~$23.00 /mmbtu for oil
62 John Mathews
Figure No. 3-5: for the range of 0-40,000 PPH, what does a minus (-) $6/Mlb 
mean? And, in Table 3-2, what does - $ 4.32/Mlb really mean? Is this a credit 
Utility budget? Should these costs be shown as net zero (0)? This needs a 
brief explanation in the text. 
Perhaps a table or a formulaic model showing how these costs were 
calculated so that we can go back and revise assumptions in the future and 
understand how the incremental steam cost would change in reference to the 
comprehensive plan.
The cost of steam will save on the 
electric costs for the chillers.  Will 
update text to identify the savings 
and will provide an table on how to 
calculate the costs.
63 Ted Mendoza
Explain Table No. 4-17 (Absorption cooling operating costs at varying steam 
loads) Will Explain
64 John Mathews
3.2.6: states that our total system steam losses (in-plant and distribution 
system) is 30%. Can you make a comparison to other distribution and central 
heating plant systems you have studied? How does this rate? The CHP is 
very efficient, but we do blow steam to keep a hot boiler on stand-by. These 
are include in plant losses. How would our system rank against peer 
institutions, in terms of losses and whether we are in a good position or need 
to get to a better position?
Will provide a comparison of the 
steam loss to other peers
65 John Mathews
Page 3-24, top of page, can you state that this is the current peak steam 
requirement for FY 2014?
The load profile through march was 
based upon FY2014 and the peak 
load ~350,000 pph
66 John Mathews
Could you send the existing steam schematic Figure 3-10 as a large pdf file 
that we can produce as a full size legible drawing? Will provide a large PDF
67 Raymond Jackson
What is our contingency plan if the regional natural gas pipe line upgrade is 
delayed or cancelled Will include
68 Ezra Small
1.8 Recommended Energy Planning and Projects: Quick check: Have Jason 
Burbank and Ted Mendoza agreed on the list of energy efficiency projects on 
table 3:30?  I am asking because this list of projects is where they are 
coming up with the 10% energy reductions from ECM’s but the list seems 
short and doesn’t include CCx projects.
Table No. 3-30 is potential projects 
based upon a high review of the 
meter data only. A building 
assessment is required to help 
identify specific projects for each 
building and confirm our assumption.
69 Statement Jason Burbank
Page 1-2: “85% of campus power” from cogeneration.  I was under the 
impression we were closer to 75%.
Based upon the last 6-month the 
campus power consumption is close 
to 80% and will update text to reflect
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70 Statement (cont.)
John 
Mathews
3.6: first bullet: depending on results of capacity analysis of the 20 inch main 
steam line AND the Steam and Condensate Building, the N+1 main steam 
line design could be exceeded by the next steam generation project – beyond 
that proposed for the 8 mw cogen cycle. The question is at what point will 
steam demand exceed the 2022 CHP steam generation capacity with 
development of the future 50-year capital plan. This is beyond the scope of 
this master plan. 
Section 3.2.9 states that we have 17% additional capacity in the CHP and 
main steam lines (and Steam & Condensate Building(?). The University has 
to address at what point is our growth going to exceed this 17% increase in 
capacity, and then back off from there the timelines for financing, siting, 
permitting, and project development to identify a schedule for when we need 
to think about additional CHP plant growth beyond the next project. 
At the end of 2022, the report states that our campus building area will have 
grown some 15%. Apparently, at some step beyond that, beyond 2022, it will 
require all of our 17% additional capacity to support. The critical tipping point 
to begin thinking about an expansion of the CHP beyond the next cogen 
might be determined from this information and analysis of Phase 2 of our 50-
year capital plan. If we need to start today to add the 8 mw cogen, when do 
we need to start planning for the next unit after that?
We will identify the limitations of the 
20-inch main based upon steam load.   
There has been no timeline given for 
the buildings beyond 2022 year plan.
The next boiler unit will not be 
required for the majority of the 50 
year plan.  Again no timeline has 
been identify for the buildings beyond 
2022.
71 Jason Burbank
Page 1-2: “13 miles of steam line”:  I feel like this has become urban legend.  
Do your detailed analyses support this?  (Just wanted to confirm)
The 13 miles was confirmed through 
the hydraulic model.   There are 
multiple pipes in the same trench or 
tunnel
72 Jason Burbank
Page 1-2: Is this a good place to mention your estimation of 15% steam 
distribution losses?  The 15% old pipe reference could confuse the casual 
reader.
will update
73 Correction Meeting Page 3.65 Division 3  Figure No 3-18 Existing Building Campus Feeder Capacity – feeder capacity of 4,500 KW incorrect
C- Will update to capacity of 5,900 
kW per UMA email 
74 John Mathews
Page 3-7, refers to 8 days of oil storage capacity assuming natural gas and 
LNG. When we designed the fuel oil tank farm at the CHP, we assumed the 
worst case: that during the winter curtailment season, on a long weekend, 
with a bad snow storm, with roads closed, if I remember correctly, we had 5 
days of storage capacity before we needed to begin to receive deliveries of 
fuel oil. This assumed that Plant could fill the tanks to the top before the 
storm, but would only have about 5 to 10 days in which to know it would hit 
us and how hard. You might reference that the range of capacity is up to 8 
days depending on other fuels being burned and levels of oil in tanks before 
a disruption of oil deliveries occurred.
Will update text to match comment
75 John Mathews
Page 3-30: the 20 inch main steam line was designed to take the full output 
of the CHP (475,000 lbs/hr) with N+1, with the empty bay filled with a 
125,000 Lb/hr package boiler. The text states “over 400,000”. This may be an 
important point. Can you verify the capacity of the 20 inch main at 200 psi? 
Assume the second 20 inch main is out of service during peak winter 
conditions.
Will increase the pressure existing 
the plant and will identify the 
limitation in capacity
76 John Mathews
3.4.3: is the radial system 13.2 kV as stated or 13.8 kV? 
Second paragraph, the buildings not normally connected to the West Side 
Sub-station ARE backed-up by the Gas Turbine Load Shed Panel. I believe 
that all non-critical, campus building loads are monitored and feeders are 
dropped depending on the load vs. the on-site generation capacity (assuming 
loss of WMECO power). So in this instance, a building normally connected to 
West side may be dropped so that the CHP can pick up a science lab 
building connected to East side, via a 13.8 kV feeder, or another critical 
building normally connected to East side.
Text will be updated to state 13.8 kV 
not 13.2 kV
77 John Mathews
Section 3.5.2: Can tables just state at bottom summary line that the energy 
savings are “annual” Will update to include
78 John Mathews
Table 4-2: does this demand growth reflect a 10% reduction in steam 
demand with the proposed load reduction projects? If not, can you provide 
two tables, one with and one without the load reductions to evaluate the 
effect on when the new cogen has to be on line? I think the assumption that 
load reductions can be phased beginning in 2015 is a bit aggressive in the 
State system, and should be proposed beginning in say 2016.
The 10% reduction is total energy 
and not on the peak steam load. Will 
update table to identify potential 
energy savings
79 Raymond Jackson
That our Legal Counsel has determined we can wheel up to 3 MW of 
electrical power to our satellite campuses within the WMECO area Will include in the text
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80 Correction(cont.)
Ted 
Mendoza
It is page 3-58.  In addition to the comments highlighted, I also noticed that in 
the first sentence of the last paragraph under 3.4.4 Building Loads – There 
are 181 building this have….
I think it should read There are 181 buildings that …
Should the 181 and 151 be the same numbers?
Will update
81 Ted Mendoza
Typos on Page 2-1, page 3-39, page 3-45, page 3-53, page 3-54, page 3-66, 
page 4-16 Will update
82 Ted Mendoza
Table No. 3-8: Goodell Bldg Chiller on hold (10/14), Reduction in chiller 
capacity due to conversion of chillers Will update
83 Ted Mendoza
Table 3-11: add ILC building, Hasbrouck Lab and Addition currently 50 tons 
(at full capacity 330 tons) Will update
84 Ted Mendoza Table No. 3-12: A/C Unit on GRC Loop Will update
85 Ted Mendoza Table no. 3-13: add Paige to the building list Will update
86 Ted Mendoza Table No. 4-6:: move ILC (NACB) and Paige Lab  into the existing loads Will update
87 Ted Mendoza Add Machmer to Library District Will update
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